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Title of Invention 

Infectious cDNA clone of GB Virus B and Uses Thereof 

Field of Invention 

The present invention relates to nucleic acid 
sequence which comprises the genome of an infectious GB 
virus B (GBV-B) clone. The invention also relates to 
the use of the nucleic acid sequence of the infectious 
GB virus B clone to study indirectly the molecular 
properties of hepatitis C virus (HCV) , and in the 
production of HCV/GBV-B chimeras. The invention further 
relates to the use of the infectious nucleic acid 
sequence of the GB virus B clone and the HCV/GBV-B 
chimeras in the development of vaccines and therapeutics 
for HCV. 

Background of Invention 



20 



Transmission studies of potential human 
hepatitis agents were first reported in 1967 (Deinhardt 
1967) . Four tamarins inoculated with acute phase sera 
from a surgeon with acute hepatitis (patient GB) 
developed hepatitis, as did most tamarins inoculated in 
serial passage studies. Subsequent studies indicated 
25 that the etiological agent responsible for the 

development of hepatitis in these animals was not any of 
the known human hepatitis viruses (Purcell 1994) . In 
1995, two related RNA viruses named GB virus-B (GBV-B) 
and GB virus A (GBV-A) were identified in acute phase 
sera of a tamarin which developed hepatitis following 
inoculation with serum of the eleventh tamarin passage 
of the putative GB agent (Simons 1995a) . 

GBV-B infection of tamarins resulted in acute 
resolving hepatitis (Schlauder 1995, Buhk 1997) . The 
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natural host of GBV-B is still unknown as the virus has 
not been detected in uninoculated animals or in humans. 

GBV-A, on the other hand, is an indigenous 
tamarin virus rather than a component of the original GB 
inoculum (Bukh 1997, Erker 1998) . Experimental 
infection of tamarins with GBV-A did not produce 
hepatitis (Schlauder 1995) . A human agent, GBV-C or 
hepatitis G virus, most closely related to GBV-A, was 
later identified (Simons 1995b, Linnen 1996) . However, 
it is still not clear whether this virus actually causes 
hepatitis (Alter 1998, Bukh 1998a). Thus, of the known 
GB viruses, GBV-B may be the only true hepatitis virus. 

Based on analysis of their genomic sequences, 
GBV-A, GBV-B and GBV-C were classified as members of the 
Flaviviridae family of viruses, and among the known 
viruses, GBV-B is the virus most closely related to 
hepatitis C virus (HCV) (Muerhoff 1995, Robertson 1998) . 

The GBV-B virus contains a positive-sense, 
single- stranded RNA genome of 9143 nucleotides (nts) 
(Simons 1995a, Muerhoff 1995) . The viral genome of GBV- 
B consists of a 5' untranslated region (UTR) , a single 
long open reading frame (ORF) and a 3' UTR. Based on 
known motifs, structural proteins were predicted to be 
encoded in the 5' portion of the ORF and nonstructural 
(NS) proteins in the 3' portion of the ORF (Muerhoff 
1995) . The hydropathy plots of the polyproteins of GBV- 
B and HCV are very similar even though the overall 
homology of the predicted polyproteins between GBV-B and 
HCV is only about 25-30% (Muerhoff 1995) . The putative 
envelope proteins (El and E2) of GBV-B and HCV share 
common structural features, and significant homology was 
observed between the NS3 serine protease, the NS3 RNA 
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helicase, and the NS5 RNA-dependent RNA polymerase 
regions of GBV-B and HCV (Muerhof f 1995) . Furthermore, 
the function and substrate specificity of the GBV-B and 
HCV NS3 serine proteases are also similar (Scarselli 
2 1997) . The genomic structure and organization of GBV-B 
and HCV share additional features of interest- First, 
colinear regions with significant sequence homology were 
identified in the 5' UTRs (Muerhof f 1995) and the 
predicted IRES structure of GBV-B is similar to that of 
HCV (Lemon 1997) . Second, both viruses begin the 3' UTR 
with a short sequence followed by a poly (U) stretch 
followed by additional nucleotides (50 nucleotides for 
GBV-B and 98 nucleotides for HCV). However, the 3* 
15 terminal sequence of HCV forms a stable stem- loop 

structure (Kolykhalov 1996) whereas the published 3' 
terminal sequence of GBV-B does not. 

To date, molecular studies of HCV are severely 
limited by the lack of an efficient cell culture system 

20 

for the virus and by expense and limited availability of 
chimpanzees, the sole animal model for HCV, 
Accordingly, a less expensive and more readily available 
animal than chimpanzees is necessary as an animal model 
25 for the study of HCV..; 

Summary of Invention 

The present invention relates to nucleic acid 
sequence which comprises the genome of an infectious GB 
30 virus B (GBV-B) clone. It is therefore an object of the 
invention to provide nucleic acid sequence which encodes 
an infectious GBV-B. Such nucleic acid sequence is 
referred to throughout the application as "infectious 
nucleic acid sequence". 
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As significant structural homology exists 
between the genomes of GBV-B and HCV, the invention also 
relates to the use of infection of tamarins with the 
infectious nucleic acid sequence of GBV-B or with 
mutants of the infectious sequence to study indirectly 
the molecular properties of hepatitis C virus (HCV) or 
as a preliminary screen to identify agents which have 
antiviral activity against HCV. 

The invention further relates to "chimeric 
nucleic acid sequences" consisting of portions of the 
infectious nucleic acid sequence of GBV-B and portions 
of the nucleic acid sequences of other viruses closely 
related to GBV-B such as HCV, GBV-C or other members of 
the Fl SLviviridsLB family which do not replicate in 
tamarins. In a preferred embodiment, the chimeric 
nucleic acid sequences consist of portions of the 
infect ious nucleic acid sequence of GBV-B and portions 
of the nucleic acid sequence of HCV. The nucleic acid 
sequences taken from GBV-B and HCV can be open -reading 
frame sequences, and/or sequences from the 5'UTR and/or 
3'UTR. 

In one embodiment, GBV-B/HCV chimeras may be 
made in which 5' or 3 ' UTR sequences of the GBV-B 
infectious clone are replaced with the corresponding 
sequence from an HCV clone. 

In another embodiment, GBV-B/HCV chimeras may 
be constructed in which the structural or non- structural 
regions of GBV-B are replaced by corresponding regions 
of HCV. Thus, such a chimera would contain, for 
example, the HCV structual region in a GBV-B '^genomic 
backbone". Of course, it is understood by one of skill 
in the art that the construction of the above -de scribed 
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chimeric nucleic acid sequences may be reversed such 
that, for example, the GBV structural region may replace 
the structual region of an HCV genome to produce a 
chimera in which the GBV structural region is contained 
in an HCV backbone. 

The invention further relates to the use of 
the chimeric nucleic acid sequences of the invention to 
study the functions of HCV genes, and for the 
development of vaccine and antiviral agents against HCV. 

The invention also relates to the use of the 
infectious GBV-B nucleic acid sequence, the mutated GBV- 
B nucleic acid sequences or the chimeric sequences of 
the invention to identify cell lines capable of 
supporting the replication of GBV-B or the chimeras of 
the invention. 

The present invention also relates to the 
polypeptides encoded by the nucleic acid sequences of 
the invention or fragments thereof. 

The present invention further relates to the 
in vitro and in vivo production of GBV-B, mutant GBV-B 
viruses or chimeric GBV-B/HCV viruses from the nucleic 
acid sequences of the invention. 
25 The invention also provides that the nucleic 

acid sequences and viruses of the invention be supplied 
in the form of a kit, alone or in the form of a 
pharmaceutical composition. 

30 Brief Description Of Figures 

Figure 1 shows a flow diagram of GB virus 
transmission studies in two species of tamarins, 
Saguinus my s tax (SM) and Saguinus oedipus (SO) . The 
35 animals infected with GBV-B (Simons 1995a) are boxed. 
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^ Two serum pools (GB 8/93 and GB 2/94) were made from 
acutely infected animals. Both pools contained GBV-B, 
as well as GBV-A (Simons 1995) at a titer of 10® genome 
equivalent (GE) /ml . A 10% liver homogenate (CT 11/91) 
5 was made from a sacrificed tamarin. A number of S. 

mystax tamarins (SM 737, 749, 750, 760, 782, 795 and 
799) and S. oedipus tamarins (SO 100) were naturally 
infected with GBV-Asm and GBV-Aso/ respectively, prior to 
inoculation (Bukh 1997) . Only two tamarins (SM 720 and 
748) , both GBV-AsM negative, became infected with GBV-A 
(Simons 1995) following inoculation. Tamarins SM42 and 
SM670 were not tested for GBV-A or GBV-Asm- 

Figure 2 shows the course of GBV-B infection in 
15 tamarins (S. mystax) inoculated with a dilution series of 
the GB 2/94 pool. All animals were inoculated 
intravenously at week 0 with 1 ml of the indicated 
dilution. Results of qualitative RT-nested PGR for GBV-B 
in serum are shown at the top (filled circles, positive; 

20 

empty circles, negative) . Serum levels of isocitrate 
dehydrogenase (ICD in units/ml); shaded area) and the 
estimated logio GBV-B GE titer (vertical columns) were 
plotted against time. 
25 Figure 3 shows alignment of the 3* UTR 

sequences of GBV-B. The sequence of the infectious clone 
of GBV-B (pGBB) is shown at the top (nts. 9038-9399) . 
The other sequences shown are: pGBB5-l, a non- infectious 
clone of GBV-B; GBV-B, a prototype of GBV-B (Simons 

30 

1995) ; eleven "gb" clones obtained from CT 11/91 liver 
homogenate by 5' RACE on the minus -strand GBV-B RNA; four 
"29" clones obtained from GB 2/94 pool by RT-PCR across 
5* -to-3' -end-ligated viral GBV-B RNA; and seven "GBB3" 
35 clones obtained from GB 2/94 pool by standard RT-PCR. 
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With pGBB as the reference, nucleotide substitutions or 
insertions are shovm as uppercase letters, identical 
nucleotides are shown as dots and nucleotide deletions 
are shown as dashes. 

Figure 4 shows the predicted secondary- 
structure of the 3' UTRs of GBV-B and HCV as determined 
by the program "mfold" (Genetics Computer Group) . 

Figure 5 shows the course of GBV-B infection in 
S. jnystax tamarins transfected with RNA transcripts of 
pGBB. Both animals were negative for GBV-Asm- At week 0 
transcription mixtures were injected into tamarins by 
percutaneous intrahepatic injection guided by ultrasound . 
Results of qualitative RT-nested PGR for GBV-B in serum 
J5 is shown at the top (filled circles, positive; empty 
circles, negative) . Serum levels of isocitrate 
dehydrogenase (ICD in units/ml; shaded area) and the 
estimated logio GBV-B GE titer (vertical columns) were 
plotted against time. 

Figures 6A-6F show the nucleotide sequence of 
the infectious hepatitis C virus clone of genotype la 
strain H77C and Figures 6G-6H show the amino acid 
sequence encoded by the clone . 
25 Figures 7A-7F show the nucleotide sequence of 

the infectious hepatitis C virus clone of genotype lb 
strain HC-J4 and Figures 7G-H show the amino acid 
sequence encoded by the clone. 

30 Description of The Invention 

The present invention relates to nucleic acid 
sequence which comprises the genome of an infectious GB 
virus B (GBV-B) clone. The nucleic acid secjuence which 
comprises the genome of an infectious GBV-B virus is 



20 



wo 00/75337 ^IF ^■CTAJSOO/15293 



- 8 - 

shown in SEQ ID N0:1 and is contained in the plasmid 
construct pGBB deposited with the American Type Culture 
Collection (ATCC) on May 28, 1999 and having ATCC 
accession number PTA-152. The present invention relates 
J to the identification of a 260 nucleotide sequence at 

the 3' end of the infectious GBV-B clone which is shown 
in Example 3 to be necessary for the development of the 
infectious clone. 

Since GBV-B is the virus most closely related 

^® to HCV, the present invention also relates to 

experimental infection of tamarins with the infectious 
GBV-B clone of the invention or with mutants of the 
infectious GBV clone to study indirectly the molecular 

J2 properties of HCV or as a preliminary screen to identify 
agents' which have antiviral activity against HCV. For 
example, since the predicted internal ribosome entry 
site (IRES) structure in the 5'UTR of GBV-B is similar 
to that of HCV (Lemon 1997) , the NS3 serine proteases of 

20 

GBV~B and HCV have been shown to share substrate 
specificity in vitro (Scarselli 1997), and the 3'UTRs of 
HCV (Yanagi 1999) and GBV-B (see Examples) have been 
shown to be critical for viral infectivity, mutagenesis 
25 of these regions in the GBV-B infectious clone may be 

undertaken to examine IRES function, NS3 serine protease 
activity or the role of the 3'UTR in viral infectivity 
in vivo . Where such "mutations" are introduced into the 
GBV-B clone of the invention to create a "mutated" GBV-B 

30 

sequence, the mutations include, but are not limited to, 
point mutations, deletions and insertions. Of course, 
one of ordinary skill in the art would recognize that 
the size of the insertions would be limited by the 
35 ability of the resultant nucleic acid sequence to be 
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properly packaged within the virion. Such mutations 
could be produced by techniques known to those of skill 
in the art such as site-directed mutagenesis, fusion 
PGR, and restriction digestion followed by religation. 

Alternatively, given the significant 
structural homology that exists between the genomes of 
GBV and HCV, the infectious GBV-B clone may be used to 
screen for inhibitors of IRES function or viral enzyme 
activity (for example, NS3 helicase, NS3 protease, NS2- 
NS3 protease or NS5B RNA polymerase activity) . Such 
inhibitors may be useful as antiviral agents to HCV 
since viral enzyme activity and IRES function are known 
to be critical for HCV replication. 

The effect of such inhibitors on the IRES 
function or viral activity of the GBV-B encoded by the 
infectious sequence of the invention may be measured by 
assays known to those of skill in the art to measure 
directly or indirectly viral replication or viral 
pathogenicity. Such assays include, but are not limited 
to, the measurement of virus titer in serum or liver of 
an infected tamarin by PGR or the measurement of GBV-B 
viral protein expression in liver cells of an infected 
tamarin by immunof lourescence or Western blot. Of 
course, it is understood that a comparison of results 
obtained for control tamarins (treated only with 
infectious nucleic acid sequence) with those obtained 
for treated tamarins (nucleic acid sequence and 
antiviral agent) would indicate, the degree, if any, of 
antiviral activity of the candidate antiviral agent. Of 
course, one of ordinary skill in the art would readily 
understand that the tamarins can be treated with the 
candidate antiviral agent either before or after 
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exposure to the infectious nucleic acid sequence of the 
present invention. 

In yet another embodiment, the invention 
relates to "chimeric nucleic acid sequences" which 
consist of portions of the infectious nucleic acid 
sequence of GBV-B and portions of nucleic acid sequences 
of viruses which are related to GBV-B such as HCV, GBV-C 
and other members of the Flaviviridae family which do 
not infect tamarins. In a preferred embodiment, 
chimeric nucleic acid sequences consist of portions of 
the infectious nucleic acid sequence of GBV-B and 
portions of nucleic acid sequences of hepatitis C 
viruses (HCV) of various genotypes or subtypes ; 
preferably portions of nucleic acid sequence of 
infectious HCV clones of genotypes la (ATCC accession 
number PTA-157; Figures 6A-6F) , lb (ATCC accession 
number 209596; Figures 7A-7F) or 2a (ATCC accession 
number PTA-153; SEQ ID NO: 4). The nucleic acid 
sequences taken from GBV-B and HCV can be open -reading 
frame sequences, and/or sequences from the 5'UTR and/or 
3'UTR. The gene borders of the HCV genome, including 
nucleotide and amino acid locations, have been 
determined, for example, as depicted in Houghton, M. 
(1996) , and the putative gene borders of the GBV-B are 
shown in Table 1 . 

Of course, it is understood that the 
production of GBV-B/HCV chimeras could include insertion 
of specific genes or regions of the infectious GBV-B 
clone into an HCV "genomic backbone" (where the HCV 
genomic backbone is preferably an infectious nucleic 
acid sequence of HCV genotypes la, lb or 2a described 
above) or alternatively, could include insertion of 
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specific genes (or portions thereof) or regions of an 
HCV genome into the GBV-B infectious clone of the 
invention. Of course, where HCV genes or regions are to 
be inserted into the GBV-B infectious clone, it is to be 
5 understood that the inserted HCV sequences may be 

unmodified or may be mutated in order to examine the 
effect of the mutation (s) on the function of the 
inserted HCV gene or region in the chimeric GBV-B-HCV 
virus. 

Such chimeras can readily be produced by 
methods known to those of ordinary skill in the art. 

In one embodiment., GBV-B /HCV chimeras may be 
made in which 5' or 3' UTR sequences of the GBV-B 
15 infectious clone are replaced with the corresponding 

sequence from an HCV clone. For example, chimeras may 
be constructed in which the IRES sequence of the 
infectious GBV-B clone is replaced by the IRES sequence 
of HCV. Such chimeras can be used in identifying 

20 

inhibitors of IRES activity which would be useful as 
antiviral agents, or could be used to examine HCV IRES 
function in vivo. Alternatively, mutations could be 
introduced into the HCV IRES contained in the GBV-B 
25 clone in order to examine the effect of the mutation (s) 
on IRES function in vivo. 

Alternatively, GBV-B/HCV chimeras may be made 
in which the 3 'UTR sequence of GBV-B is replaced by the 
3 'UTR sequence of HCV. As the 3' terminal stem- loop 

30 

structure is believed to be important for initiation of 
RNA replication and has been shown to be critical for 
infect ivity of HCV in vivo, such chimeras may be used 
for more detailed analysis of the function of the 3' UTR 
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sequence of HCV in vivo and for the testing of candidate 
antiviral agents. 

In another embodiment, GBV-B/HCV chimeras may 
be constructed in which the structural or non- structural 
regions of GBV-B are replaced by corresponding regions 
of HCV. Such chimeras would be useful in identifying 
whether the inability of HCV to infect tamarins is due 
to the inability of HCV's structural region to bind the 
receptor necessary for infection of tamarins or to the 
absence of sequences in HCV' s nonstructural regions 
which are necessary for replication in tamarins. For 
example, the ability to infect tamarins with GBV-B/HCV 
chimeras in which the non- structural region of GBV-B is 
replaced by the non-structural region of HCV would 
indicate that the structural genes of GBV-B are 
necessary for viral infection in tamarins, and that the 
inability of HCV to infect tamarins is likely due to its 
lack of receptors for HCV. 

Alternatively, the ability to infect tamarins 
with GBV-B/HCV chimeras in which the structural region 
of GBV-B is replaced by the structural region of HCV 
would indicate that the non-structural genes of GBV-B 
are critical for viral infection in tamarins, and that 
the inability of HCV to infect tamarins is likely due to 
HCV's lack of nonstructural sequences which are 
necessary for replication in tamarins. 

Of course, GBV-B-HCV chimeras may be 
constructed in which only a portion of the non- 
structural or structural regions of GBV-B are replaced 
by the corresponding portions of HCV sequences. For 
example, a chimera in which only one or two of the three 
35 structural genes (C, El and E2) of GBV-B are replaced by 
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the corresponding HCV structural genes may be made. In 
one embodiment, nucleic acid sequences comprising the El 
and E2 genes of GBV-B may be replaced by the sequences 
comprising the HCV El and E2 genes. In another 
embodiment, nucleic acid sequence comprising either the 
El or E2 gene of GBV-B is replaced by sequence encoding 
either the HCV El or E2 gene.' 

Alternatively, only a fragment of a GBV-B 
structural gene in: the infectious GBV clone may be 
replaced with the corresponding HCV gene fragments. For 
example, the amino terminal of the GBV-B El gene may be 
replaced by the corresponding portion of an HCV El gene 
or an amino terminal portion of the GBV-B E2 gene may be 
replaced by an amino terminal portion of HCV E2 gene tht 
containing the HVRl region. As the structural genes of 
HCV are believed to be important for neutralization, 
chimeras containing an HCV structural gene(s) or 
fragment (s) thereof can be used to develop vaccines 
against HCV. 

In yet another embodiment, chimeras in which 
individual non- structural genes of GBV-B, such as NS3 
RNA helicase, NS3 protease, or the NS5B RNA-dependent 
25 RNA polymerase are replaced by the corresponding non- 
structural genes of HCV may be constructed. Such 
chimeras would, for example, be useful in identifying 
inhibitors of viral enzyme activity which would be 
useful as antiviral agents. Of course, it is understood 
that in order to construct chimeras in which the 
polyprotein cleavage sites of the GBV-B remain intact, 
it may be desirable to replace only a fragment of a 
nonstructural gene of GBV-B with the corresponding HCV 
35 gene fragment. 
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The present invention also relates to 
polypeptides encoded by the nucleic acid sequences of 
the invention or fragments thereof. In one embodiment, 
said polypeptide or polypeptides may be fully or 
5 partially purified from viruses produced by cells 
transfected with the nucleic acid sequences of the 
invention. In another embodiment, the polypeptide or 
polypeptides may be produced recombinantly from a 
fragment of the nucleic acid sequences of the invention. 
In yet another embodiment, the polypeptides may be 
chemically synthesized. 

The present invention further relates to the 
in vitro and in vivo production of GBV-B, mutated GBV-B 
J5 or chimeric GBV-B/HCV viruses from the nucleic acid 
sequences of the invention. 

In one embodiment, the sequences of the 
invention can be inserted into an expression vector that 
functions in eukaryotic cells. Eukaryotic expression 

20 

vectors suitable for producing high efficiency gene 
transfer iji vivo are well known to those of ordinary 
skill in the art and include, but are not limited to, 
plasmids, vaccinia viruses, retroviruses, adenoviruses 
25 and adeno- associated viruses. 

In another embodiment, the sequences contained 
in the recombinant expression vector can be transcribed 
in vitro by methods known to those of ordinary skill in 
the art in order to produce RNA transcripts which encode 

30 

the GBV-B of the invention. The GBV-B of the invention 
may then be produced by transfecting cells by methods 
known to those of ordinary skill in the art with either 
the in vitro transcription mixture containing the RNA 
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transcripts or with the recombinant expression vectors 
containing the nucleic acid sequences described herein. 

In assaying the ability of the mutated GBV-B 
sequences or of the chimeric sequences of the invention 
to infect tamarins, the virulence phenotype of the virus 
produced by transfection of tamarins with the sequences 
of the invention can be monitored by methods known in 
the art such as measurement of liver enzyme levels 
(alanine aminotransferase (ALT) or isocitrate 
dehydrogenase (ICD) ) or by histopathology of liver 
biopsies . 

The present invention also relates to the use 
of the infectious GBV-B sequence, the mutated GBV-B 
nucleic acid sequences or the chimeric sequences of the 
invention to identify cell lines capable of supporting 
the replication of GBV-B or the chimeras of the 
invention. 

Transfection of tissue culture cells with the 
nucleic acid sequences of the invention may be done by 
methods of transfection known in the art such as 
electroporation, precipitation with DEAE-Dextran or 
calcium phosphate, or incorporation into liposomes. 

In one such embodiment, the method comprises 
the growing of animal cells in vitro and transfecting 
the cells with the nucleic acid of the invention, then 
determining if the cells show indicia of GBV-B or HCV 
infection. Such indicia include the detection of viral 
antigens in the cell, for example, by immunofluorescence 
procedures well known in the art; the detection of viral 
polypeptides by Western blotting using antibodies 
specific therefor; and the detection of newly 
transcribed viral RNA within the cells via methods such 
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as RT-PCR. The presence of live, infectious virus 
particles following such tests may also be shown by 
injection of cell culture medium or cell lysates into 
healthy, susceptible animals, with subsequent exhibition 
of the signs and symptoms of GBV-B infection . 

Suitable cells or cell lines for culturing 
GBV-B or the chimeric GBV-B-HCV include, but are not 
limited to, lymphocyte and hepatocyte cell lines known 
in the art . 

Alternatively, primary hepatocytes can be 
cultured, and then infected; or, the hepatocyte cultures 
could be derived from the livers of infected tamarins. 
In addition, various immortalization methods known to 
those of ordinary skill in the art can be used to obtain 
cell-lines derived from hepatocyte cultures. For 
example, primary hepatocyte cultures may be fused to a 
variety of cells to maintain stability. 

The invention also provides that the nucleic 
acid sequences and viruses of the invention be supplied 
in the form of a kit, alone or in the form of a 
pharmaceutical composition. 

All scientific publication and/or patents 
cited herein are specifically incorporated by reference. 
The following examples illustrate various aspects of the 
invention but are in no way intended to limit the scope 
thereof . 

EXAMPLES 
Materials and Methods 

Source of GB virus B 

Two tamarin pools VR-806, (American Type 
Culture Collection) and H205, were used for experimental 
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o 

transmission of the GB virus agents to tamarins species 
Saguinus mystax and Saquinus oedipus , 

Amplification, cloning and sequence analysis of GBV-B 

Viral RNA was extracted from aliquots of the 
^ GB 2/94 serum pool or CT 11/91 liver homogenate with the 
TRIzol system (GIBCO/BRL) . Primers used' in cDNA 
synthesis and PGR amplification were based on the 
genomic sequence of GBV-B published by Simons et al 

10 (Simons 1995) shown in SEQ ID N0:3. Long RT-PCR was 

performed using Superscript II reverse transcriptase 
(GIBCO/BRL) and the Advantage cDNA polymerase mix 
(Clontech) as described previously (Tellier 1996) . Four 
subgenomic regions of GBV-B covering the entire 
published sequence (Simons 1995) were amplified from 
serum and the PGR products were purified and cloned into 
pGEM-9Zf (-) (Promega) or pCR2.1 vector (Invitrogen) 
using standard procedures. 

20 The 5' terminus of GBV-B was amplified from 

serum by using the rapid amplification of cDNA ends 
(RACE) with dC or dA tailing (GIBCO/BRL) and GBV-B 
specific antisense primers. Two different approaches 
were used to determine the 3 * terminal sequence of GBV- 

25 

B. In one approach, GBV-B RNA extracted from serum was 
circularized with T4 RNA ligase (Promega) and the 5'-to- 
3 ' -end-ligated viral RNA was amplified in RT-PCR using 
specific GBV-B primers. In the second approach, the 5' 
30 end of the negative strand GBV-B RNA extracted from the 
liver homogenate was amplified using the 5* RACE with dC 
tailing and GBV-B specific sense primers. The PGR 
products were cloned directly into pCR2.1-T0P0 by using 
the TOPO TA Cloning Kit (Invitrogen) - 
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The consensus sequence of GBV-B was determined 
by direct sequencing of PGR products (nucleotides 1-9078 
and nucleotides 9130-9359) and by sequence analysis of 
the clones (nucleotides 1-7135 and nucleotides 7151- 
9399) • Nucleotide positions correspond to those of the 
infectious clone (pGBB) . Analyses of genomic sequences 
were performed with GeneWorks (Oxford Molecular Group) 
(Bukh 1995) - To determine whether the GenBank data base 
contained sequences with homology to the GBV-B 3 * UTR 
sequence identified in the present invention, a "Blast" 
search was performed. The predicted secondary structure 
of the GBV-B and HCV 3 ' UTR sequences were determined by 
the program "mfold" (Genetics Computer Group) . 

15 Construction of consensus cDNA clones of GBV-B 

First, clone pGBB5-l, a consensus clone of 
GBV-B 2/94 containing the 3* terminus of GBV-B as 
published by Simons et al was constructed (Simons 
1995a) . The core sequence of the T7 promoter, a 5' 
guanosine residue and the sequence of GBV-B (9139 
nucleotides) were cloned into pGEM-9Zf {-) vector using 
Notl/Sacl sites. A BamHl site was included at the GBV-B 
3 * terminus . Digested fragments containing the 
25 consensus sequence were purified from subclones and 
ligated using convenient sites. Next, a second 
consensus clone of GBV-B, clone pGBB, was constructed by 
inserting the additional 3' terminal sequence, amplified 
by PGR from one of the clones obtained by the RACE 
procedure described above, into pGBB5-l using Xmal (at 
position 9114) and BamHl sites. A Xhol site was 
inserted following the GBV-B 3' terminus. DH5-alpha 
competent cells (GIBCO BRL) were transformed and 
selected on LB agar plates containing 100 ng/ml 
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ampicillin (SIGMA) and amplified in LB liquid cultures 
at 30°C for 18-20 hrs (Yanagi 1997) . Each cDNA clone 
was re -transformed to select a single clone, and 
large-scale preparation of plasmid DNA was performed 
5 with a QIAGEN plasmid Maxi kit as described previously 
(Yanagi 1997) . Each clone was genetically stable since 
the digestion pattern was as expected following 
retransf ormation and the complete sequence was the 
expected one • . . 

10 

Intrahepatic transfection of tamarins with transcribed 
GBV-B RNA 

In 100 |il reactions, RNA was transcribed in 
vitro with T7 RNA polymerase (Promega) from 10 ng of 

15 linearized template plasmid. The plasmid pGBB5-l was 

linearized with BaihHl (Promega) and the plasmid pGBB was 
linearized with Xhol (Promega) . The integrity of the 
RNA was checked by electrophoresis through agarose gel 

„ stained with ethidium bromide. Each transcription 
mixture was diluted with 400 |il of ice-cold 
phosphate-buffered saline without calcium or magnesium 
(SIGMA) and then immediately frozen on dry ice and 

stored at -80**C, Within 24 hours of synthesis, two 

25 . '\ . . ^ . ^ 

transcription mixtures were injected .into each tamarin 

by percutaneous intrahepatic injection guided by 

ultrasound (Emerson, 1992; Yanagi 1998, 1999) . If the 

tamarin did not become infected, the same transfection 

30 was repeated once. All transfected animals were 

negative for GBV-Asm as determined by the protocol 

described previously (Bukh 1997a) . 

Monitoring of experimental course in tamarins 
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Serum samples were collected weekly from the 
tamarins and monitored for liver enzyme levels [alanine 
aminotransferase (ALT) , gamma-glutamyltranspeptidase 
(GGT) , and isocitrate dehydrogenase (ICD)] by standard 
methods and for GBV-B RNA by a specific reverse 
transcriptase -polymerase chain reaction (RT-PCR) assay. 
Total RNA was extracted from 100 ^il of serum using the 
TRIzol reagent. The RNA pellet was resuspended in 10 mM 
dithiothreitol (DTT) containing 5% (vol/vol) of RNasin 
(20-4 0 u/[il) (Promega) . The RT-nested PGR was performed 
with primers from the 5' UTR of GBV-B (external primer 
pair: 5' -OCT AGC AGG GCG TGG GGG ATT TCC-3 • and 5 ' -AGG 
TCT GCG TCC TTG GTA GTG ACC-3'; internal primer pair: 
5'-GGA TTT CCC CTG CCC GTC TG-3 • and 5 ' -CCC CGG TCT TCC 
CTA CAG TG-3') . The reverse transcription was performed 
with avian myeloblastosis virus reverse transcriptase 
(Promega) and the external anti-sense primer and nested 
PGR was performed with AmpliTaq DNA polymerase or 
AmpliTaq Gold DNA polymerase (Perkin Elmer) as described 
previously (Bukh 1998a) . Specificity was confirmed by 
sequence analysis of selected DNA products. Each set of 
experiments included a positive control sample (a 10"^ 
dilution of GB 8/93, estimated titer 100 genome 
equivalent (GE) ) and appropriate negative control 
samples. The genome equivalent (GE) titer of GBV-B in 
positive samples was determined by RT-nested PGR on 
10-fold serial dilutions of the extracted RNA (Bukh 
1998a) . One GE was defined as the number of GBV-B 
genomes present in the highest dilution positive in RT- 
nested PGR. The sensitivity of this RT-nested PGR assay 
for GBV-B was equivalent to that of our RT-nested PGR 
assay for HCV (Bukh 1998b), for example, conserved NS3 
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primers which had the same sensitivity for GBV-B as the 
5' UTR primers could detect HCV at optimal sensitivity 
in samples with known HCV genome titer. Testing for 
GBV-A and GBV-A variants was performed by RT-nested PGR 
assays as described previously (Bukh 1997a) . 

The consensus sequence of the complete ORF was 
determined by direct sequencing of overlapping PGR 
products obtained by long RT-nested PGR on serum from 
one of the tamarins infected with RNA transcripts as 
previously described (Yanagi 1997) . 

Example 1 

Transmission of GB Agent in Tamarins 

To generate virus pools of the GB agent, 
tamarins were inoculated intravenously with pooled sera 
of the eleventh tamarin passage of this agent (Fig. 1) . 
Acute phase sera from a S. my s tax tamarin which 
developed hepatitis were pooled (GB 8/93) and inoculated 
20 into additional mystax tamarins to generate a second 
pool of acute phase serum (GB 2/94) . Both serum pools 
contained approximately 10^ GE/ml of GBV-B and GBV-A. A 
10% liver homogenate (CT 11/91) was prepared from a 
oedipus tamarin which developed hepatitis following 
inoculation with the twelfth passage of the GB agent. 
The titer of GBV-B in the liver homogenate was 
approximately lO"' GE/ml. The GB 2/94 serum and CT 11/91 
liver samples were used as GBV-B cloning sources in the 
30 present study . 

Inoculation of eight S. mystax tamarins with 
ten-fold serial dilutions of the GB 2/94 pool 
demonstrated that its infectivity titer of GBV-B was 10® 
2^ ' tamarin 50% infectious doses (TID50) (Fig. 2) . The five 
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GBV-B infected tamarins all developed acute resolving 
hepatitis characterized by early appearance of viremia 
(weeks 1 or 2 p,i.), peak viral titers of 10"'-10° GE/ml 
and clearance of viremia after 9-16 weeks (Fig. 2) . Two 
of these tamarins (S. mystax 769 and 777) were infected 
only with GBV-B and were negative for GBV-A and GBV-AsMr 
whereas the other three tamarins were infected with both 
GBV-B and GBV-Asm- A S. mystax tamarin inoculated with 
the liver homogenate also developed acute resolving 
hepatitis with peak GBV-B titers of lO"' GE/ml and 
clearance of viremia after 11 weeks. Likewise, four S. 
mystax tamarins inoculated with dilutions of the GB 8/93 
pool developed acute resolving hepatitis with clearance 
of the GBV-B virus after 11-26 weeks. Thus, GBV-B 
infection in S. mystax tamarins is characterized by 
acute hepatitis, early appearance of viremia, high peak 
viral titers and viral clearance. 

Example 2 
Novel 3 ' Terminal Sequence of GBV-B 

The consensus sequence of the complete 5* UTR 
of GBV-B (nucleotides 1-445) was deduced from 13 clones 
containing nucleotides 1-283 and 3 clones containing 
nucleotides 31-445. In addition, the entire 5' UTR 
sequence was determined by direct sequencing of the 
amplicons. The sequences of the various clones were 
highly conserved and the consensus 5 ' UTR sequence of 
GBV-B from this pool was identical to that of the 
previously published sequence for GBV~B (Simons 1995a) . 
It is noteworthy that 13 of 15 clones analyzed from the 
rapid amplification of cDNA ends (RACE) procedure 
contained the published GBV-B 5' terminus (A residue) 
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and that the same 5' teirminus was obtained whether the' 
5' RACE was performed with dC or dA tailing. 

The consensus sequence of the ORF (nucleotides 
446-9037) was determined by direct sequencing of PCR 
products obtained using long RT-PCR (Yanagi 1997) . In 
addition, 3 clones containing nts. 446-7135 (one of 
these clones had a deletion of nts. 3036-3636), 2 clones 
containing nts. 2019-3373, 5 clones containing nts. 
7151-8261 and 7 clones containing nts. 7521-9037 were 
analyzed. The sequences of GBV-B clones in this pool 
were very homogeneous. Evidence of micro-heterogeneity 
was found at only 70 (0.8%) nucleotide and 36 (1.3%) 
amino acid positions, scattered throughout the ORF. The 
proportion of amino acid positions with heterogeneity 
ranged from 0.5-3.2% in different putative gene regions 
(lowest in NS3 and NS5B; highest in E2 and NS2) . The 
GBV-B ORF sequence differed from the published sequence 
of GBV-B (Simons 1995) at 34 (0.4%) nucleotide and 12 
(0.4%) deduced amino acid positions, respectively (Table 
1) . 
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Table 1 



Nucleotide and amino acid differences among GBV-B (Simons 
1995a) , the consensus sequence of GBV-B recovered from a virus 
pool used as the cloning source (GBV-B, 2/94) and the infectious 

clone of GBV-B (pGBB) . 



Genomic Region* 



Position 
nt [aa] 




Nucleotide 






Amino Acid 








GBV-B 






GBV-B 






GBV-B 


2/94 


pGBB 


GBV-B 


2/94 


PGB 


1030 


C 


T 


T 








1498 


T 


C (t) 


C 








1626 [395] 


G 


A (g) 


A 


V 


I (V) 


1 


2552 [703] 


G 


A (g) 


A 


D 


N (D) 


N 


2562,2563 


C,A 


A,C 


A,C 


P 


H 


H 


(706) 














2566 


T 


T 


T 








2S25 1727) 


C 


T 


T 


A 


V 


V 


2647 


C 


T (C) 


T 








2816 {791) 


c 


T 


T 


L 


F 


F 


2855 [804] 


A 


G 


G 


T 


A 


A 


3235 


A 


G 


G 








3475** 


C 


C (t) 


T 








3760 


C 


T (C) 


T 








4114 


c 


T 


T 








4117 


c 


A 


A 








4177 


T 


C 


C 








4615 


C 


T 


T 








5329 


c 


T 


T 








5332 


T 


C 


C 








5350 


A 


C 


C 








5455 


Q 


i ICJ 


T 








6413 


T 


A (t) 


A 


L 


M (L) 


M 


(1990] 














6577 


G 


T 


T 


• 






6690 


T 


C (t) 


C 


I 


T(I) 


T 


[2082] 














6965 


T 


C (t) 


C 


S 


P (S) 


P 


(21741 . 












7015 


A 


G (a) 


G 








7128 


G 


A 


A 


G 


E 


E 


[2228) 














7138** 


A 


A 


G 








7142 


A 


6 


G 


T 


A 


A 


(2233) 














7282 


T 


C (t) 


C 








7849 


C 


A 


A 








7852 


c 


T 


T 








6942 


G 


A (g) 


A 


V 


I (V) 


I 


[2981] 














8971 


T 


C 


C 








9026 


C 


T (C) 


T 








9067 


T 


C 


C 








Poly (U) 


27 nts 


11-23 nts 


23 nts 








9134 


Deletion 


c 


C 








9141-9399 


ND 


259 nts 


259 nts 









5' UTR 11-445) 
C (446-913) 
£1 (914-1489) 
£2 (1490-2641) 



KS2 (2642-3385) 



NS3 (3386-5125) 



NS4A (5126-5290) 
NS4B (5291-6034) 



NS5A (6035-7267) 



NS5B (7268-9037) 



3' UTR (9038- 
9399) 



* Nucleotide positions corresponding to pGBB. Putative gene borders defined as 
suggested by homology witli HCV (Muerlioff 1995) . No homology was observed at the 
NS2-NS3 junction. 

** Positions that differ between the cloning source (GBV-B 2/94) and the 
infectious clone of GBV-B (pGBB) . The change introduced into pGBB at position 
7138 introduced an artificial Sail site, nd: Not determined. Nucleotides and 
amino acids shown in parenthesis were found as a minor species in the cloning 
source (GBV-B, 2/94 
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The sequence for the 3' UTR is shown in Figure 



5 



10 



15 
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25 



30 



3. Additional 3' UTR sequence was initially identified 
by performing RT-PCR across 5 ' -to-3 * -end-ligated viral 
RNA extracted from serum. In all 4 clones with GBV-B 
sequences, the 5* UTR was truncated compared to the 
published sequence (simon 1995a) . However, whereas one 
clone {29c) had the exact 3» terminus previously 
published by Simons et al. (Simons 1995a), the three 
other clones (29a, 29b, 29d) had 150 additional terminal 
nucleotides. Compared with the published sequence, all 
four clones had a single nucleotide insertion (C 
residue) at position 9134. Next, RACE using dC-tailing 
only was performed on the 5' end of the negative- strand 
RNA extracted from the liver homogenate. All 11 clones 
analyzed had additional sequences at the 3' terminus. 
Compared with the published GBV-B sequence, two clones 
{gb6, gb23) had 259 additional nucleotides, 8 clones 
(gb9, gbl9, gb20, gb21, gb24, gb25, gb30, gb35) had 236 
additional nucleotides and 1 clone (gb8) had 232 
additional nucleotides. Moreover, all of these clones 
had the insertion at position 9134. The 3' UTR 
sequences among the various clones were highly conserved 
(Fig. 3) . To demonstrate that the terminal 22 
nucleotides found only in clones gb6 and gb23 existed in 
circulating viruses, RT-nested PCR was performed on 10- 
fold serially diluted RNA extracted from the serum pool 
GB 2/94 using an RT and external antisense primer 
deduced from this sequence. GBV-B RNA was detected at a 
dilution of 10'^ and the sequence of the amplicon was 
identical to the sequence recovered from the liver 
homogenate- Thus, the 3* UTR of GBV-B consists of a 
short sequence of 30 nucleotides followed by a 11-24 
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nucleotide- long poly (U) tract (single C residues were 
observed in GBV-B from the liver hotnogenate) and a 3' 
terminal sequence of at least 309 nucleotides. The new 
GBV-B 3* UTR sequence did not have significant homology 
to any of the sequences deposited in the GenBank 
database. A prediction of the secondary structure of 
the 3 * UTR sequence is shown in Figure 4 . The most 
notable feature of the secondary structure is a highly 
stable stem-loop structure at the very 3' end consisting 
of 47 nucleotides. 

Example 3 

The pGBB Clone of GBV-B is Infectious in vivo 

The infectivity of RNA transcripts from the 
consensus clone pGBB5-l which encompassed only the 
published GBV-B sequence (Simons 1995) was first tested. 
Within the GBV-B sequence there were no deduced amino 
acid differences and only 2 nucleotide differences (at 
nucleotide positions 3475 and 7138) between the 
consensus sequence of the cloning source (GBV-B 2/94) 
and the sequence of pGBB5-l clone. In addition, the 3' 
UTR of pGBB5-l had a deletion at nucleotide position 
9134 and was missing the 3' terminal 259 nucleotides 
(Fig. 3) . Prior to transcription, the pGBB5-l clone was 
linearized at the BaiuHl site with digestion at the exact 
GBV-B 3' terminus. The RNA transcripts from pGGB5-l 
were injected into the liver of two tamarins (5. mystax 
797 and 815) . GBV-B RNA was not detected in weekly 
serum samples collected during 17 weeks of follow-up. 
As the susceptibility of these two tamarins to GBV-B was 
subsequently demonstrated by experimental infection 
using a GBV-B virus pool, the consensus clone pGBB5-l 
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which lacks the 3 ' terminal sequence of GBV-B is thus 
not infectious in vivo. 



the full-length consensus GBV-B cDNA clone pGBB was 
tested. The pGBB clone was identical to the pGBB5-l 
clone except in the 3' UTR. Thus, in addition to a 5' 
UTR of 445 nucleotides, an ORF of 8592 nucleotides 
encoding 2864 amino acids and a 3 • UTR of 103 
nucleotides, the pGBB clone also contains an additional 
259 nucleotides in its 3' UTR. pGBB was linearized at 
the Xhol site which added an additional C residue at the 
3' end of the transcribed GBV-B RNA. When RNA 
transcripts from the pGBB clone were injected into the 
liver of two tamarins (S. mystax 816 and 817) , both 
tamarins became infected with GBV-B with viremia at week 
1 p.i. and peak viral titers of 10® GE/ml (Fig. 5). The 
consensus sequence of PGR products of the complete ORF, 
amplified from serum obtained during week 2 p.i. from 
one tamarin {S. mystax 817) , was identical to the 
sequence of pGBB, including at the two positions which 
differed from the consensus sequence of the cloning 
source and from the published sequence of GBV-B (Table 
1) . By performing RT-PCR as desired above, it was 
demonstrated that the very 3' terminal GBV-B sequence of 
pGBB existed in the circulating viruses in this tamarin. 
Within two weeks of the transfection both tamarins 
developed hepatitis with dramatically elevated liver 
enzyme levels (Fig. 5) . Thus, the pGBB clone is 
infectious in vivo whereas the clone pGBB5-l which lacks 
the last 259 nucleotides was not. 



Next, the infectivity of RNA transcripts from 
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WHAT IS CLAIMED IS: 

I . An isolated nucleic acid molecule which 
encodes GB virus-B, said molecule capable of expressing 
said virus when transfected into cells. 

^ 2. The nucleic acid molecule of claim 1, 

wherein said molecule encodes the amino acid sequence of 
SEQ ID NO: 2. 

3. The nucleic acid molecule of claim 2, 
^0 wherein said molecule comprises the nucleic acid 

sequence of SEQ ID N0:1. 

4 . A DNA construct comprising a nucleic acid 
molecule according to claim 1 - 

5 . A DNA construct comprising a nucleic acid 
molecule according to claim 3 . 

6 . An RNA transcript of . the DNA construct of 
claims 4 or 5. 

7. A cell transfected with the DNA construct 
of claims 4 or 5. 

8. A cell transfected with RNA transcripts 
of claim 6 . 

9. A GB virus-B polypeptide produced by the 
cell of claim 7. 

10. A GB virus-B polypeptide produced by the 
cell of claim 8. 

II. A GB virus-B produced by the cell of 

claim 7. 

12. A GB virus-B produced by the cell of 

claim 8. 



20 



25 



30 



wo 00/75337 



/USOO/15293 



10 



25 



30 



- 33 - 

13. A GB virus-B whose genome comprises a 
nucleic acid molecule according to claim 1. 

14. A GB virus-B whose genome comprises a 
nucleic acid molecule according to claim 3 . 

15. A method for producing a GB virus-B 
comprising transfecting a host cell with the DNA 
construct of claims 4 or 5 . 

16- A method for producing a GB virus-B 
comprising transfecting a host cell with the RNA 
transcript of claim 6 . 



17. A composition comprising a nucleic acid 
molecule of claim 1 suspended in a suitable amount of a ' 

15 pharmaceutically acceptable diluent or excipient. 

18. A composition comprising a nucleic acid 
molecule of claim 3 suspended in a suitable amount of a 
pharmaceutically acceptable diluent or excipient. 

20 19 . A nucleic acid molecule comprising a 

chimeric virus genome, said genome being a GB virus-B 
genome according to claim 1 in which a 3' or 5' UTR 
sequence of the genome is replaced by a corresponding 
region of the 3' or 5'* UTR sequence of a hepatitis C 
virus genome . 

20. The nucleic acid molecule of claim 19, 
wherein a 3' UTR sequence of the genome of a GB virus-B 
is replaced by a corresponding 3' UTR sequence of a 
hepatitis C virus genome. 

21. The nucleic acid molecule of claim 20, 
wherein the 3' UTR sequence is the 3' UTR terminal stem 
loop sequence. 
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* 22. The nucleic acid molecule of claim 19, 

wherein a 5' UTR sequence of the genome of a GB virus-B 
has been replaced by a corresponding 5' UTR sequence of 
a hepatitis C virus genome. 

5 23. The nucleic acid molecule of claim 22, 

wherein the 5' UTR sequence is the IRES sequence. 

24 . A nucleic acid molecule comprising a 
chimeric virus genome, said genome being a GB virus-B 

10 genome according to claim 1 in which the non- structural 
region of the genome of a GB virus-B has been replaced 
by the non- structural region of a hepatitis C virus 
genome . 

25. The nucleic acid molecule of claim 24, 
wherein at least one gene from the non -structural region 
of the genome of a GB virus-B has been replaced by the 
corresponding gene from the non- structural region of a 
hepatitis C virus genome. 

20 

26. The nucleic acid molecule of claim 25, 
wherein the gene from the non- structural region is 
selected from the group consisting of NS3 protease, NS3 
RNA helicase, or NS5B RNA polymerase. 

27. A nucleic acid molecule comprising a 
chimeric virus genome, said genome being a GB virus-B 
genome according to claim 1 in which the structural 
region of the genome of a GB virus-B has been replaced 

30 by the structural region of a hepatitis C virus genome. 

28. The nucleic acid molecule of claim 27, 
wherein at least one gene from the structural region of 
the genome of a GB virus-B has been replaced by the 
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corresponding gene from the structural region of a 
hepatitis C virus genome. 

29. The nucleic acid molecule of claim 28, 
wherein the gene from the structural region is selected 

5 from the group consisting of El, E2 or C. 

30. The nucleic acid molecule of claim 28, 
wherein the El and E2 genes from the structural region 
of the genome of a GB virus -B have been replaced by the 

0 El and E2 genes of a hepatitis C virus genome. 

31. The nucleic acid molecule of claim 28, 
wherein the El gene from the structural region of the 
genome of a GB virus -B has been replaced by the El gene 

J of a hepatitis C virus genome. 

32. The nucleic acid molecule of claim 28, 
wherein the E2 gene from the structural regions of the 
genome of a GB virus-B has been replaced by the E2 gene 
of a hepatitis C virus genome. 

0 

33. A DNA construct comprising the nucleic 
acid molecule of claims 19, 24 or 27. 

34 . An RNA transcript of the DNA construct of 

J claim 33 . 

35. A virus whose genome comprises a nucleic 
acid molecule according to claims 19, 24 or 27. 

36. A nucleic acid molecule comprising a 

) chimeric virus genome, said genome being a hepatitis C 
virus genome in which a 3' or 5' UTR sequence of the 
genome is replaced by a corresponding region of the 3' 
or 5' UTR sequence of a GB virus-B genome according to 
claim 1. 
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37. A nucleic acid molecule comprising a 
chimeric virus genome, said genome being a hepatitis C 
virus genome in which the non-structural region of the 
genome has been, replaced by the non- structural region of 
a GB virus-B genome according to claim 1. 

38. A nucleic acid molecule comprising a 
chimeric virus genome, said genome being a hepatitis C 
virus genome in which the structural region of the 
genome has been replaced by the structural region of a 
GB virus-B genome according to claim 1. 

39. A polypeptide encoded by the nucleic acid 
molecule of claims 19, 24 or 27. 

40. A polypeptide encoded by the nucleic acid 
molecule of claims 36, 37 or 38. 
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q^CTQn(xrr 'itAftiiGcmr GacRCiacac caiicaflJCRC toxc'iui ga . so 

QQft^^CTZOG TCITCRO^ 100 

IGTOSIGCRG CJCTCrfiGSftC OXOX'IOX 033^SM3CCk TRGflQGTCIG 150 

a3GAADCX3GT GAGIRCSmS GAATIQCXaG GftD3AD0333 'iULTi'iUi'iU 200 

GAIAAAOOOS CPC3iftaX3CrT GSftGft!ITIG3 ULUiGOGOCX: QCAfiGACIQC 250 

•IftQ033AGm GiUri O aijlC QCG?\AflQ90C TiUiGGliftCT QOCIGAraGS 300 

G'i UL TlG C Gft . G1GCD3333S AUj i L'im m GZmSIQCftC CaTCaOCROS 350 

Afli L U L'lift aaC CTCRAAGAAA AADCAAfiOSr AACRDCaAOC GIOXnSCA. 400 

GSftOSICAfiG TiUJUGtjGilG GCX33ICaGftT Oii'lGGIGS^ GnTACTICT 450 

IGOCQOGCAG G3C3aC3CIAGA TiUJGr'iG'IGC GOQOSAOSfiG G?^ftGACriOC 500 

GftQOQGTDOac: AAOnCGfiQS TAGAOCSICftG ajimiDOOCA. M33CMXSJD2 550 

GCXXDGftQQQC: AGGAGCIQ3G CICaQOOOaS GTMXXJi'iUG OGOl'iUlMG 600 

QCAMGfiGQS TIGCX333IQ3 QaQOGAIQaC TCCIGICTGC OJb'iGXTCT 650 

OXSGCEAGCr QSQQOCXXftC AtSODCDQQG OGMSKar GC3^AnTGQG 700 

TM^S3JIC?aC Gft m XJL 'i 'JiA CUlUUUJL'iT OQOQGADCIC MQ333aCA 750 

TSODQCrran' OaQQQOaOT CT]}33?y3TO 800 

QQ0GICCQQ3 TIC30SAAGA OQQOGflGAAC TftlQCAACftG QGAMCTTOC 850 

IGSnOCICr TlUlUi m CT 'iU-Tl CB33 C CXTOCICICr T3C]CIGACIG 900 

IQCEQQCnC AGGCCyXAA GIGOQCAMT CrTOQ33C3:T T3m3^TCIC 950 

i^CCAMG?aT QQOCIAACrC GAGIftTIGIG TAa3AQ3a93 OOGMQCXaT 1000 

CCIOCACACr 0CX3QQGIGIG TOOCnGOQT TOSDGaGQGr AACQOCICGA. 1050 

QGICTIQQSr G3aQG!IGADC CQC3^033IQG OCftCCSmA OQQCAAftCIC 1100 

CXX»CAAC]QC AGCrrOGAOG TCTOKDOGKr C'iUUi'iUiCG GSftQOQOCaC 1150 

CXTCIGCIGG QOOCICiaOG 1Q3333ACCT GIQ3333ICT GICmcnG 1200 

ITOGTECAACT GfTmOCITC 'iC'i\XCAG3C GDCACIOGftC G AQSCAaGA C 1250 

iGCAATTCfiT cimcmo c asQOCAi;^ imasicMC ocaiaacAro 1300 

GGATAIGATC ATGAftCIGST CCCCm3332 AQCQITOIG GJMCTCAQC 1350 

IQCroOOGRT CXXaCAfiGCE MCaiQSRCA IGMOOCIOj TQCICACIQG 1400 

OGAGTOCIGS OOOaCMaGC G mTlUiUL ' A3GGnQ333A ACB393QGftA 1450 

GSIOCIOSm CjlUL'lUL'iU C TATITOOCaS CErrOGfiOSCG GAAACOGAOS 1500 

TCACaC39333 AAMGOOGQC CQGAGCAOaS CiUJCiJI'lGT TGCJiUiUCTT 1550 

ACAC3CaG30G CXaftGCaGAA CftTOCAACIG MCMCRGCA AOOaCftGnG 1600 

QCACftiCAAT AQCftaaoacr is^mocftA. tgaaagocit AflCRcnxacr 1650 

GsnaGcaos ocicnciaT caacacpaat icajcicitc wsgctgicjct 1700 

GAGAQGnOCTQCfiQCT^^ ACGCXITIJa: (^li'ri'iUUUU ^GgZIGQ33 1750 

TCCIMCfiGr •mTQQCAAQG GAAGOOOOCT OGADGAADQC CXX TOCIGCT 1800 

QQCACEAC3QC TOCAAGAQCT IGIGQCATIG TOXOCXJ^AA GAGOGIGIGT 1850 

GSaaDQGfTAT ATIQCTICAC T30CAOaCXDC G?It33IQGfIOS GAAOSftOCJGA. 1900 
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003103300 GCGOCiaaiT ACftGCIG333 1GC3W^IGRT AQ3 GK mi C r 1950 

TOGirocmA (XftGLUL'iUS aS^fiTIQSIT UjjriUia OC 2000 

TGGMGAACr GAACIQGATT CAOCAAAGIG IQOQGaOCGC OJULTiUlUi' 2050 

CATO33AQ9G GIQ9QCAACA ACAOLTiULT CIQCXDOCACT GAli'iULTiUJ 2100 

GOAAACAJTOC GSAAQOCaCA TRCICiaSSr GQQGCTCOGG TOCTO CM T 2150 

ACAGOCAQSr GCmULjiOGA. ClftOOOGiaT AOaCTnoaC ACERiacriG 2200 

«I3^j3CAa}CAAT TACACXMAT TCAAAGICAG GA33SiaDGfIG QGAG333iaG 2250 

AQCACAG3CT QSAASDaSCX: IGCAACIQGA a3CX33333oA. AOGCIGIGAr 230O 

CIQGAAGACA G3SO^GC3IC C3GAQCICAQC: OOSriGCIQC 'iUIUCl A OCAC 2350 

ACAGIQ9CAG (jiULTiOa:^!' Ui'iUmUAC GAOOCIQCXSl GULTiUiULA 2400 

ocooocrcAr cxaocrocAC cagaacatig iqgaosigca oiscnGiRC 2450 

(3333EM333r CAAf3CRiaQC Gia:iG330C AmAGIG33 A3EA0GmX?i' 2500 

ICICCIGTIC Ci'i L' ia i'l' lL; CAGA03CX333 03ICIQCIDC TO LTiUlUA 2550 

iGATCmcr aamcccPA QooGAoaoos citilgagaa. cxhoicaaia 26OO 

CICAAIGC:AG CA300CT33C: OQQGAOaGAC QGflCnGIGT (JL'JL'iaJiUbT 2650 

GTICnCIQC 'muaO'lO Sr AICIGAA03S TaOSIGSSIG O00GGAO333 2700 

TCTmDocr cTAasasATC Toaxicioc idcigckct Gi ' iuauurm 2750 

OCICAQ033S CA.TA032ACr GCSCAOG^G GT00O030Jr GGiGlGGOQS 2800 

CGTIGTIdT G]X333GfnAA T33GQCIGAC ICiGICQOCA. TATEACAAGC 2850 

GCIKEA3CAG CIG3IQCAIG TOGIGQCTIC AUimTi'lUl' GADC^GAGIA 290O 

GAAG03CAAC TXADGflGIG GGflTOCXDaaC CICAAOSICC G9G3G93303 2950 

OGA3G00GIC AiLTHACICA. TGIGIGERGa? ACACXXXaACX^ CiUJlMTiU 3000 

ACMCAIXAA. ACEOOCIG GOCAILTILU GAUJULTiTG GATICTICAA 3050 

GCCA GITIU C TEAAAGiar CmJi'lUJiG OQCJL?i'iCAAG GUL'i'iL'iLLG 3100 

GA.TCIQCX3CG CEAQ03333A AGATAGOOQS AGGTCATD^ GFSCAAMQG? 3150 

(XMCATCAA. Gn2033QD3 CmCIGSCA CSTIMGIGIA TftAOimCiU 3200 

Accxxricnc gagacigqsc gcscaaoqx ciodgagaic iQaoasiOQC 3250 

'IGIGG AAOCA. UiUJiLTiCT OOOGAAIGSA. GAa3^A0CIC MCAOSIGQG 3300 

QC332AGATAC aXJOQOGIGC GGIGACKICA TCAALUJL'iT GOJUGiUlCT 3350 

GCCXXIIK33G QQCAQGAGAT ALUULTiUJJ. CCAGOOGAOS GAATO3ICIC 3400 

CAAGQQSIQG AG Ji'iUC ' lG S CX300CATCAC GOdSEAOXr CAGCAGACGA 3450 

GAQODCIQCr AOaSIGEOA AICAOCaOOC TGACIGQa23 GGACAAAAAC 3500 

CaAGIOGAQCS GIGAGGlO CA . GATOSIQICA ACIOCTAOCX: AAAOJi'iUCT 3550 

QQCAAanXr:-J&aX3^AT9393 TAO^^ TCTaS^OCAC QOOaoaQGAA. 3600 

0GA03ADCAT OSCSaCADDC AA033ICCIG TCATCCAGAT GI^TACXaAT 3650 

GIGGADCAAG ADCTIGIGOS CIG30CX3XT CXnJd^POJTT CCOXTCKFT 3700 

GACACQCIGT AC3CIQ09GCT OCKDQGAOCT TIA0CIG3IC AOSAQXADS 3750 

CCGA3GICAT 'IGOGGIGOGC 0QQ0GAQ3IG AIAGCAOQ3G IftGCCIQCIT 3800 
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TOgocxDOGac (xamooa. criGftAflGGc lozLLUjtjLjL? GiGogc^ Siio 

GIQOOCmi; G3?O033D3 1QQ3X1KET CfiQ330a933 GIGIQCaccC 3900 

GIOSftGIGX laAAOOasiG GACiTiMLL' CIGIT33AGRA OCIMQSACA 3950 

AOCAIGRGAT CXXD33IGIT C30330^ TCCICiCC A C CfiGCAGIGOC 4000 

asGRQcnTC caQ3ia33x ACCTsaio:: icxxaooar agdose^ga. 4050 

GSACCAftosr cccDaciQas asmaoocr AGsaaaoA os iurimm 4100 

CICAACOCCr CTGTIUL'IUL- AaOQCTOGQC Ti'lUmu mT ACaTOTOCaA 4150 

G3GGCa!IG33 GITCMOCIA MMCRGSRC C33333IGIRGA ACAKEOmi 4200 

CIG3CAGCir CAICaCCfiaC TOaOCTAOS gS ^i'iULT TQDOGROm 4250 

Wj*Jiw.-iiJflG GAGSIQCm. TCACRIftflTA. MTTOIGSOS AGIGCX30X: 4300 

CAOcaaaiGcx: ACAiaarcr loacxsiass crcigiccit <3€£ms3G 4350 

AGACTQ3Q33 G303 flSOG G'riUiUL ' iaj OCacmL'i ift C OGCiULULjUL ' 4400 

'xUjJli^ftCIG TCICmflCC laACAICGAG Ca GJi'lUL ' iL ' TGiaaocaC 4450 



GGQS^AGACA. TCICATCTIC TOOCACICAA aSACOGCIC 4550 

QorooGAAQc iGGnmarr gqszatcaat GozGimju r ACEAooaooG 4600 

TCTIGAOGIG TCIGICATOC CX3AOCftQC)Q3 CGft llUi'iUiC GICX3IGICGA 4650 

CDGAIQCTCT CftIGAC IG3C 'I'l'im.UXU ACnoaCIC TGIGAIRGAC 4700 

IQCAACAOSr GTSICACICA GACfiGIDGAT TK30XTIG ADOTEACCrr 4750 

mrATIGAG ACAAC3CaD3C IDCXDCX^OGA TGLlUiUlLU A33iCICAAC 4800 

^ra033CAG G03ASGCX3G QC2aC33aftG Ai'i'iUHj SCA. 4850 

O0Q3333RQC GDG0Cia033 CAIGTKiaC TOglCOGlO: ICIGIGftGIG 4900 

CTAIGACQOS QXTCIQCIT GGDOGfiGCT CAa3X03CX: GftG?030G 4950 

•m^TADS AQOGT EACAIG AACAC30D333 GQ L ' i'iUUmr GIQOCAOGfiC 5000 

CAICnGAM* TnQ33ftG33 CGiL ' i'l ' iy OG GQOriCSOC AnMSGAIOC 5050 

cJCAcnrrm tcocagacaa Aocfiooas osfiGAScnr gctibcciqs 5100 

IftQCGlMCA AGOCaO CGIG 'K303::iaa33 CICAAGCCCC TOCmj A TOS 5150 

TQQGaDCflGA; TCIQGAAGIG TTIGftTOOa: CTEAAftCOCA COl'lULft l Oi 5200 

QQCAACAOX: CIGC'iM?0. GACIQ30333 TGTICfiGAAT GAAGICAOOC 5250 

TGftDQCAOOC AATCACCAAA. TACAICAIGA. CATOSOGIC GSDOGftOCIG 5300 

GAG3I03ICA 03AGCACCIG OSHJC'lUb'iT GGOSXGia: i mJiUL'iUi ' 5350 

Q3Q33CGiaT TOOCTCatAA CAGGCKXCT OSICmGIG 03303003 5400 

•iv-iiwiu-uj GAftOCXDOJCA AimmxnG A3Q33W3Gr ICICIMXaG 5450 

GAGTIDSAIG AQAIOGAftG?^ GU X 'i C'lLlA G CACITRGQGr ACSOCCfiQCA 5500 

AGQGftJGyiG CIDXTGAGC AGr[TC3^?OC3>. .<S^^33CXXrrc QaXICC'l U C 5550 

AGAODGOCnC OOQOCAIGCA GAOOmiCA. O CCC ' lUL'iUi ' 0CAGACC3^ 5600 

IQGCftGAAAC TDGRGGICIT TIGGOCXS^ CACATOIGGA AnTCAICfiG 5650 

TOQGATRCAA TACTIGQQQG GOCIGICAW: Ol'lOJUiUm ' AADOOGQOCA 5700 



OOGAGAGAIC OQCrriTADS QGAAGGCEAT 



GIOA3CAA03 4500 
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TiULTlCMT GKiUULTlTi' ACAGCTQCXXS TCZmmr ICIMCCPCr 5750 

G9cxaAAar 'icciltiuaa caaaaaGaas o j mu j mu i ciG GUL a QCT ssoo 

09CX33G00X QGfIQQCX3C?m CHJX ' iTiUr GG SlGL ' i G X ' CiaGCIULj m 5850 

OOGC3CAia3G GAQOGfnOGA. CI0333AftGG TXTOGIGGA CATICrnrA 5900 

QGOEAiGaos oaoaoGam: GSGfiGcrcrr GiaGe a ncA ACATCRTCfiG 5950 

aSSIGfiOGflC 0GCICCAO33 AOSADCIOSr CAMUiUL'lG aXOOGflJOC 6000 

aujmx'icG AQOociTOm gio g s igkg iGiococaQC AMaciaoc eoso 

CGOCAOGTIG QOOOGGGnGA G3333CfiGIG CAA3GG?aGA. AOOGX'iAM; 6100 

AQULTiULO: TCXXX33333A AOGAIGITIC OOOGROrAC laOSIGOTG 6150 

M3>GJS>nX3C 2^30330033^ 6200 

AOOCAQCICX: IGftGXGftCT QCKICAGflQS ATAft3Cro33 ASIGIRCOC 6250 

10CMGCIC3C OGfnoaraac laftQQGRcar ci c aGftcia a MarooaaQG 6300 

TCCn^GOGA CrmftGAOC TOXIG A AftG OGAAOTICKP QOCaCAACIG 6350 

CCT33GKnC OCITIGIGIC CTGCCM3332 GOSTfilZmS Q3GTCiaja; 6400 

AQGftGAa33C AliTMLGCACA CTCGCiUOCA CIGIGSSOrr GftGAICftCIG 6900 

GACMGICAA AAA0393ftOG AIGfiGSMXDG TOOSianaG GaOl'iUJflGS 6950 

AACmUiUGA GIGOaDGIT COJLm'JLAAC CO-'llACADCA exaGGOJOC'lG 6550 

TftCIOOOCIT OCIQOQOOGA. ACEMaAGIT CUUUL'IUIGS AQQGTOICIG 6600 

CAGA133AA2A CC'iUUAGMA P033333I03 QQSALTiULA Cia CUimUJ 6650 

G3IATCACIA. CIGACAATCT TAAAIQOOCE TQOaGAaxr CA3D30OCGA 6700 

AnrnCACA GAAnOSACC; GQ3I033CrT ACACAOSnr QOCmXL'lT 6750 

GCAAQOCCIT GCTO0333AG GAQGIA3CAT TCPCtGmn ACTOCAOSAG 6800 

TACQCG&'1133 GGTOGCAATT AULT1UUL5AG OCO3AA00GS AOSTAGCXDST 6850 

GITGACGia: ATOCICACfIG AJOXTOOCA TMaACAQCA GAQ3CGGCXIS 6900 

GSAGAAQGIT Q30GAGAG33 TCAQJ UUL -' i ' l ' CTAIGGOSG C ' iCC'iULjJLT 6950 

AGQCAOriGr CnSCTOCAIC TCICAAQ3CA. AL'i'lLXJADOG OCAACCA3X3A. 7000 

CIOQOCIGAC GQOGAQCICA. TAGAQQCTAA 0CTOCIGIQ3 AG33iGGAGA. 7050 

1QC33QQQCAA CA3CA0CAGS GTIGAOICAG AS^ACAAAGT 03IGATICIG 7100 

GACIDCnCXS AIUUUCTiUr QQ2RGRGGAG GATOAQOOGG AGGICICOSr 7150 

ADCTQCAGAA AnCIQ03GA AGICICGGAG ATI03DCXD33 0333JX33333 7200 

TCIG3QCGCX3 OOCOSACiaC AAOXOCX33C TAGISGAGAC GIGGAAAAAG 7250 

OCIGACIADG AADGAOCIGi' GGIGCaiOa: TQCXDOXnAC CAOCTOCaGG 7300 

GICOX'ICCT GIGXTOGaC CTOQ3AAAAA G3Siaa3GIG GTOCICWjOG 7350 

AASX^^ADOCr ATCIACIGOC TTC330CGAQC TTCCCMXSA AAUi'iTiUJJ 7400 

AGCrcurCAA CnDOOQCaT TAOGGSOGAC AATAOGACAA CAianCIGA 7450 

GCXDOaOCXCT 'iCiUUL'iUOJ COOCaSACIC 0GAC3G?nGAG lUL'im'lL'iT 7500 

OCATOQOCXDC 0CIOSAO33G GAG3CIG33G ATOOaGATCT CAQCX3AOG3G 7550 

TCATOGroGA. QQGICAGIAG TGG39Q0GAC AOSGAAGAIG 'iUJiUiUL'iU 7600 
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cicAMGicr TftncnoGA cfiGaascacT cxsicaaxns iqooctooqg 7650 

AftGAftCAAAA ACiGOrKIC Aft03C3OGA. QCAACiLUiT GCTOOXCRT 7700 

CJOAICIQG 'iUiM'lUCftC CACTICfi03C AUlULTiUOC 7750 

GAAAGICACA. TTIGACSO^ T3CAAGi'iCT OSRCaGDGRT TAOSOSAOS 7800 

TOCICAAG3A. GGICAAflQCA GG930GICAA AftGIGAAG3C TAACTIOCm 7850 

' lUmiiftGaGS AaULTlUiaG OCIGMaCXC OCACKPICRG OCAAM03A 7900 

GrnGQCEftT GQQ3C3^AMG AOj i Umi'lG CCKEGOCfiGA AfiOaOOGnffiG^ 7950 

CXX20^ICAA CTCnSIQIQCS AAAGALXJi'iC 1G3ASG?OG IGTAACROCa' 8000 

ATSGACACm OCATCAIGQC CAAGAA03C GinTCIGCB TICAGOCIGA 8050 

GAAG33Q33r GGIAAGCXSG CTOGflCICftT CGIGnOOOC GADCIQQQOG 8100 

IQaaOGTCIG OGAGAftGAIG Q00CIG33O3 AOSIQGfmG CAAQC'iaOOC 8150 

CIG3C3CX3IGA 1QG3AAQCIC CEWDOSKTIC CAMSOtaC CaOGACAQCG 8200 

GSnGAMTC CDCX3IQCAAG CX3IQ3^fiGIC CAAGAAGAOC CDGMm33r 8250 

TCICGIMGA. TACOOQCICT TITi30a3^ CSGICACIGA. GAQCGACAIC 8300 

CX3IACQGA03 AGGCAAinA CCAAIGTIGr GADCIGGAOC OXAftQCXXXS 8350 

CGIQQOCAIC AAGIOOCICA. CIGAGAGSCT TTOIGTIQQG CUJUL'iUi'lA 8400 

CCAATICAAG GOQQGAAAAC IQCGQCTRDC GCfiGSIQOCG CQOGftGOQQC 8450 

GEACIGACAA. CTftG L'iUiUG TftACaOOCIC ACITQCTACA 1CAA0900QG 8500 

GGCAGXTGfT QGAGQQGCfiG G3CTCCAQGA CIGZADCMIG CILUiUiUiU 8550 

O^GAaaCIT AGiasmiC TSraAAGIG 033G3SI0CA. QGAQ3?mDG 8600 

GCX3AQCCIGA. GAQOCTICAC GSOTTftTC ADCAGSECT (JJTCCCCCC 8650 

CX3Q3GAOOGC 0CaCAADC3^ AMftCXaftCTT GSfiOCmiA ACAICKIQCT 8700 

CCICCAACJGfT GICftGroOOC CACGAOQQOG CIQGAAAGAG GGICEACIRC 8750 

CmCCC!GIG AOQCTACAAC OLOXTCQOG A3OXG03r G33AGACAGC 8800 

AAGACACACr QCAGICAMT 0CIGQCEAQ3 CAACATAMT MGllTOOOC 8850 

CCACACIGIG GQOGAQGKrG ATACIGAIGA OXAlTiUiT TSmJiUJiL: 8900 

ATAOaCAQQS ATCAQCITGA. ACaQQCICIT AACIGIGAGA. TCEmSAGC 8950 

CIQCEtfUDC MaGA2tf3CAC T3GA!ICEAC3C TOCAAaXTOT CAAfieOOC 9000 

MOXETCAG CQCSOTTICA. CnXJCAGIT ACICIGCSQ3 TGAAAICAAT 9050 

AG3GnGQ00G CA3Q0CICAG AAAACTIGOS GICXXX30CCT TOOGAGTITG 9100 

GAGACAOCOS GXOSGAGGG TQ0303CTAG OCTICIGICC AGAGGAGGCA 9150 

QQaCIGOCAT MGIG3CAAG TA OJILTIUA . PCJXSOOCPGT AAGAACAAAG 9200 

CICAAACICA CroCAAaS^ GaOOQCIOQC CQQCIQGACr 'iUiULUJi'iU 9250 

GTICAaaQCT QQCTACAQaG GQOGAGO^ TE^HXaCAGC GIGICICATO 9300 

CCQQQOOOQG CTOSnCIOG TTriGQCIAC TGCTQCTOQC TOOmSSm 9350 

G3CATCrADC TGCTOOOCAA CXD3AIGAAQS TIQ333IAAA CACICQQQOC 9400 

TCmAGQCA ' i'i'iUL'iUi'i ' i' Ti'iTl'm'iT TITnTITIT TiTi'iUnTi' 9450 

' i'i ' i'm'iUi'X ' ' lUL ' iTiUL ' i ' i ' ci ' i ' i ' i ' i ' i ' iUL ' ' I ' i ' iUi ' i'i ' i ' XL: ocncmftA 9500 
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TOSIGGCKr MCmGOOC TftGICAD33Z ITOTIGIGAA AQSICXXSIGA 9550 
QGOQCaTCAC IGCAGAGAGT QCIGAIRCIG QOCTCICIGC AGAICfiTOT 9599 
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MSnCKp;^ OKRNINRRPQ EWKFP9332I V33VYLLERR GH^ICTRKIR 
KISERS2HG ERQEIEKVRR EEGEOVCVQPG YHHELTCNEG aSCOOLSP 
RSSRPSWSPT DPRRRSRNDS KVHHLTOGF AOICKIELV GAEEGSAARA 
GWI«MQ5LP GCSFSIFIIA LLSCLTVPAS Ai337RNSSSL 
•aiVIlCCENS STVYEAAEAI IHTPQCVPCV REI2^ASRCW7 AVIPIVMBD 
CaOPriQLRR HimVGSftT LCSALYVGDL 03S7EL\OTi PIFSERKWT 
IQDCNCSrirP GEDKaFMfiW EM^MNWSPIA AKASO^ia: PQ MMEM IftG 
AfSWSVIAGIA YrewyGNWAK VLWIIIEftG VCftE3HWT33 NfiGBTI3«3y 
C3XTE<aKCJI IQLININSSW HINSIMIOT ESLNTSrOG IFYQEIKENSS 
QCPEEIASCR FLTDEAQ3WG PISffiN39GL EERPiOHYP ERPCJJCVPAK 
SVOGPVOTT PSPvAAAJCTD RSGAPIYSWG ANDIEWFVIN NIRPEL12WF 
GCIW^NSIGF IKVOGAPPCV IGSVQQNTLL CPIDCERKHP EftlYSROSSG 

iVOTHOMD YPmmfEC Tnmm^ miivqgvehrl eaackwirge 

KXLECRERS ELSPLLLSTT QWO^LPCSFT TLPALSIGLI HLl^JICVEWQ 
YLYGVGSSIA SWAIKWEWV IIFUXADAR VCSCUflMyiLL ISQAEAAIiN 
LVm^AASIA GIH3LVSFLV FPCFT^WXUgS RWVPGAVYAL Y3MWELLLLL 
lALFQKASU:. Dm/AA9CX9S WLVGU^T LSPmRYIS VCM^MgCTIi 
IRVEAQmVW VPELIQVRQGR DRVIIOCW HPILVFDnK IIIAIR3PEW 
HiQASLLiWP YFVRVQGLIR ICRLAPKIAG Gffi^VCJlAIIK DSALTSTWY 
lOHCTPLKDWA HNXRDLAVA VEPWFSFME TKLTIWSADT AAOSDIINX 
IVSARPG3EI LLGPADQ^ KGWRLLAPIT Ag^OgTOGLL GCIITSLTC31 
EKNgVEGEVQ IVSIAIQIFL A1CIN3VCWT VYHSAGIRn ASEKCPVIOyi 
YINVDQELVG WPAPQGSRSL TECIGGSSDL YLVTRHAEVI PVRRRGDSRG 
SLLSERPISY liQSSSQGPLL CPAGHAVGLF RAAVCIRSTA KAVEFIPVEN 
liSriMRSPVF 1ENSSPPAVP QSPQ\/AHLHA PI G9C5CSIK V PAAYAAQGXK 
VLVn^PSVAA TLGFCAiMSK AHSVDHCET GVETTriGSP TTiSTK^FL 
AIX33C933Ay DIUCDEEHS TEMSHJGIG TVLDQAEIftG ARIA/VIAERT 
PP3S7IVSHP NIEEWALSrr GEIPF«3KAI ELE^^K3GRH I^a^CEC 
IMAAKLVAL GHWVAXmS LTWSVIPISG EWWSIDAL MIGPIGDFES 
VnXNICTIQ IVDFSLDPTF TIEnTLEQD AVSRTQPFOl TSO^CTYR 
FVAP3ERPSG MFDSSVLCEE YEftGCAWYEL TPAETIVRLR AXMNTPaPV 
CQEHLEFVeS VFIGCIHinA HFL93IKQSG ENFm.VAi?3 AIVCARAQAP 
PPSWDQbM<C LIRIKPILH3 PTPLlWLfSk. Vff^EVTLIHP TnOOMTCMS 
MXjEWISIW VEVC3GVIAAL AA5!CL5IGCV VIVC^rVLSG KPAUPCREV 
LVQEFieffiE CSCflLPYIEQ a-MLAEQET^ K ATGTTQ IAS RHAETTTPAV 
QINWQKLEVF WAKHMJFIS GIQiXAGLST LPCHPAIASL MAFTAAVISP 
LTI03im=N HGQS^WAAQL AAPGAATAFV GAGEAGAAIG SVCaOWIWD 
ILAGVJGAGVA GALVAPKEMS GEVPSieXV NLIiPAILSPG AL^A;G^AOA 



FIG. 6G 



wo 00/75337 




*/US00n5293 



H77C 



10 



20 



30 



40 



50 



1234567890 1234567890 1234567a90 1234567890 1234567ftQ0 
HERHVGPSE GAVQW^NRLI AEASEOIHVS PIHWEESCA AARVDVILSS 
DIVIQm^ H3WISSECIT PCSGSWUOI WDWICEVLSD FKIWLi^ftKIM 
P2IJGIEFVS 0:^?GKPGVWR GDGJMHnOI aSAETIGEMC N3IMRIVGER 
UCBtMfJSJTF FIN2^mGEC TELPAR^YKF AENB^'SAEEY 
'wsGMTiLNL kcfgqipspe: FPIELOGMRL HRFAPPCKFL IEEEVSFR^ 
IHEXPVG93L PCEEEECWAV LTSMLTDESH rEAE?\M3RRL ARGSPPSMAS 
SSASQI^APS nomnmiD SPDAELIEaN IlM^QQGa^ TTRVESENECV 
VELDSFDELV AEE2DEREVSV PAKTTRKSRR E2^RALPVWAR EDiWPELVET 
WKKEOffiPPV VB3CELPPER SEPVPPPRKK RI\A/L1ESIL SEALAELAIK 
SET3SSSISGI TG07ETISSE PABSQCPTOS EVBSYSSMPP TH^lhULMli 

SDGSwsivss GMHEcwa: SMSYSwiGAL vitcaaeeck: LPINAISNSL 

lEHHNLVYSr TSRSA03^ KVPFTRDSVL DSHi?CP;/LKE VKAAASKVE^A 
NLLSVEEACS LTPPHSMCSK PGYGAKEWRC HARKAVAHIN SVWKDLLEDS 
VTP lDLTim KISE7FCVQPE KQGS^ARLI VFPCm/RVC HQ^YSJNS 
KLELAVMSSS TCTOSPQ^^ VEEIiVQftWKS KKTEMSFSYD TOCEDSIVIE 
SDIRIEEMY QOXCDPff^ VAIKSLTERL YV33PL1NSR GEN035iRRCR 
ASGVLTT9CX5 ^^[L'ICYIKAR ?J>€BAM3JJi C^MLVLGLDL WICESAGVQ 
EC^^ASLRAFT EAMTRYSAPP GDPPQPEMX ELITSCSSNV SVAHDGAGKR 
VYYLIRDPTT PLARAAWEEA RHTPVNSWDS NIIMFAFIIJW ARMILMIHET 
SVLIARDQLE QAIJNlCEriSSA CYSIEPLULP PII(2?IH3LS AFSLHSYSPG 
EINFWAACIR KDGVPEU^AW PHRARSVRAR LLSRQCSAAI OaOIfNWAV 
RIKLKLTPIA AAGRLDLSGW FTAGySOSDI ^HSVSHARER WEWCLLLLA 
PGJGJYLLHJ R 
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QQCAQCrOCC 1GA303333C GftCRCICXaC CSOGAATCaC TOOOCIGIGA 
GSAftCEOG ' ILTlCft OQCA GAAAQCX3ICT A30CAro30G TM3IMGAG 
•TOiOSIGCftG CnOaOGAC COOOOCIOr G3GAGAGCX3V Tft unAiiUiu 
OGGAACCOGT GAGIACAQC3G GAATIQC3CAG GAOSAOOaaG TXTi'iLTiU 
GA.TCAACXDQG CTCAMGOCT GGAGAmOG GOGflGCXXXr QOGAGACIQC 
TPaXX3^SIA GIGnOOSIC GOGAAAQQQC ITCIGSIftCr GOCIGATaGS 
GIGCriQCXSA GIQOOOCXSGG AGGnCTOGIA GAOOCSIQCAC CSOGaGGROS 
AATCCIS^ftftC CICAAftGAAA AAOCAAftOGT AACftOGAAOC QaOGC30CACA 
GGADGICAAG TIOQCX3G90G GIQGICAGAT QUl'iOaiGGA. GrmCJCIGfT 
TOCX33QQCAG QQ30CXX3O3 TIGQGIGIQC GCX3C3GACIAG GAA03CTI0C 
GM3J33I032 AA0CIDGIG3 OCiaiOCXSA AGGCT3GCX3G 

ACCCGAQQS: AQQQC3CIQQG CICAGOOOOG GDminQG CXDCICEAIIG 
GCAA3GAQQG CCIGI333K32 aSGSOGGC TX'iGICftOC (XQQQQCTOC 
OGQCXIERGfIT G3G3CCXX:AC GGACCDOOGS CGTAGSKDOC GIAACnQ3G 
TAAG3ICATC GATACDCTIA CATOQQGCIT (DGOOGfOCIC AIQGQGIftCA 
■ncCGCIOSr CXSGCXSQCCXT CrAGOOGSCXS CIGOCftGOOC CnOQCACAC 
anCICOSGG TICTOGAQG^ OSGOGIGAAC TMQCAACAG GGftftCT IGOC: 

cxssnocicr 'I'iuici m c t toctctiqqc tcigogigc igitigaoca 

TCCrftQCnC (DQCmiGAA GfIQCX9C3^Aa3 TSTOCXaOSftT MftDCMGIC 
ADSAAOSACT QCTOCAACIC AAQCAnGIG TMGAQQCAG 0QGA03IGAT 
CATGCATACT 0CXDQ93IQ03 TQOOCIGIGT TCAGGAGQGT AACAQCTGCX: 
GriQCIQQCST AQOQCICACr (XCSmiDDG C930CAG3AA TQ0CAQ03IC 
CCCAOMBA CAATftDGAOG OCAaSTOGAC TlUL'iLUl'lG QGAOQQCIQC 
TTICIGCrCC GCIMGIAOG T3G3QCaTCr CIQCXSGMCT ATnT JCTOG 
-ICICCCAGCT GTICACCnC TCX3CX:TCX30C_Q9CA3GAGAC AGIQCAGGAC 
TCCAACIQCT CAATCTATCC CX93CC:ATCIA TCAGGflCAOC GCaJGaCTIG 
GGATA!IGATC ATCAACIQ3r CAOCIACAAC AGCXXHaGIG GIGIOQCAGT 
IGCICOGGAT CCCACAAGCT GTOGIQCSO^ IGSIGQaOOG QQOOCSOQG 
GGftmUCIGG aaOQCTTIGC CTftCJM'iUC' MGC3IftQ3GA ACIGQ3CI1AA 
(3CTICIGATT GIQQGQCERC TLTi'IUCOGG QGnGMX3QG GAGAOGCACA. 
CGADG93GAG GGIQ30QQQC CACACCACCT CC3C33GnCAC GIOXTinC 
'ICATCIG9C9G OGICICAGAA. I^NICCM3CrT GTEGAATACJCA MQQCAQCIG 
QCACATCAAC AQSOODCX: TAAATIQCAA TSACTOQCIC CAAACIQQGT 
TCmOOCXSC GCIGTTTTAC GCACJO^AGT 1CAACI03IC OaOSIGOCXDS 
GAQC0CATG3 CTAGCiaXX; CXXXMT3AC IGSTTOaOOC AflQQGIQaOG 
CCGCATCACC TAIACTAAGC CIAACAQCIC GGATCAGAG3 CXmATIGCT 
GGCATEACQC GCXHOSACXDG TCIQGIGIOS TAOODQCXnC q®GC3IGIGr 
GGTCCAGIGT ATIGnTCAC OOCAAQCniT GTIGIQSIGG QGAOCAOOGA 



50 
100 
150 
200 
250 
300 
350 
400 
450 
500 
550 
600 
650 
700 
750 
800 
850 
900 
950 
1000 
1050 
1100 
1150 
1200 
125U 
1300 
1350 
1400 
1450 
1500 
1550 
1600 
1650 
1700 
1750 
1800 
1850 
1900 



FIG. 7A 



wo 00/75337 




:TAJS00/15293 



HC-J4 



10 20 30 40 50 

1?.-^4Sfi7890 17.34567890 1234567890 1234567890 1234567890 

TOGITOOQSr G'iUUL'IlACX3r AiaQCIQ33G GGftGAftlGAG ACaG?OJIGA 1950 

TQCIOCICAA CAACftOXXSr COQCXSOftG QCAAL'lUJiT OaXTOiaCA 2000 

TGCaHGAMA GfEftCIQQGHT CAdaftGAOS IQOQGaOSIC OaXGTOEA 2050 

CAia339333 GiOGGlAACX: GCADCTIGAT CIQOCXrAOG GAL'iULTiUL' 2100 

GSAAGCACXr GGAOSCTACr TftCACAAAAT 010000333 OLXJL'lUJi'iO 2150 

ACAOCIAGSr OCJCEftGERGA CIftOCX3flaC AQOLTi'lUX AdSftOOXlG 2200 

OOCICAKT TnTCAICr TEAAGGfTUG GfilGIMGIG QQQQQCGIQG 2250 

AQCSOQQCr C3^A!IGCX3QCA IQCaATIQGA CICX3AGGAGA OGX'IUIAAC 2300 

TIQGAGGACA. Q9Qa!m03IC AGaACICAQC (XQCIO^CQC 1GIC330^ 2350 

A!3:iGfr33CaG iOACIOCDCT GIOZTTICAC CALXJL'iftDOS QL'lTmUA 2400 

CIGSmcaT CX^OCroCAT CAGAACATOS TSSAOSIOCA AEAOCIOiaC 2450 

GSIOIAGOSr CAGOUl'i'iUl' ClUL'i'l'iUCA. ATCAAAI03G AGCOICCT 2500 

Cl'iUL'i'lTlU LT iU i CCTO G CAGADQaOOG OGIGIGIOaC IQCTIUiULA 2550 

TGAIOCIGCT OffiAGOQCAG GCTGAGQQQG OCTIAGAGAA CTIQGIGSIC 2600 

CICAAIQC3G3 OGIDOOIOX 0GGAQ03CAT GG1M1CTCT LLTi'lLTIUi' 2650 

oncncioc ocxxsaciosr acateaaqgg cagsciqqct 00x3333000 2700 

CGIAIGCnT TTAIG33GIA 1GQ0C1QCIOC lOCIQCICCr ACIOOCJSm 2750 

CCACCAOa^ CnACXSCrrr OGADOQQGAG AIQGCIOCAT 0GIQCX3GQ3G 2800 

iQcxaoncrr giagcsicigg TAncnoAC ctiuicacca. taciacaaag 2850 

TCTTICICAC TJmriCAaA TQOIOGITAC AATACITEAT CADCAGAGQC 2900 

GAGQ3GCACA T3CAAGIOIG OGICQCXm: CICAACGTIC G33aAQQGCX3 2950 

CGATGGCATC MCXnOIim OI^^ 3000 

ACATCACCAA AL'lQl'IGCIC GQCATACI03 QOOOQCICAT OUIUC'ICCAG 3050 

QCIGQCAIAA OGAGAGIQCX: GI30TOGIG OGOQCICAAG GX'ICRTICG 3100 

-IQCMGCAiG ■mOIGOSAA AAGIOGOOGG GQGICATTAT OICCAAaiGG 3150 

ICnCATCAA GCia03CX303 CIGACAQOIA OOTAOOnTA TAAOCAICIT 3200 

AOXCACIQC G3GACr03QC OCA09CX3032 CmCJGAGADC TIG033IQ0C 3250 

Q2?EAGAGCXX: OiUL,'lL'l'iLT O0QQCAIQ3A. GA0CAAG3IC AICAC30Q3G 3300 

GAQC3^GAC2C CX3CIOCX3IOr OQ03ACATCA ICnOOGICT AOOOSICIOC 3350 

QOXGAAQQG 03AAQGAGAT ATnTIQQCSA 0003CIGAIA GICIGGAAGS 3400 

QCAAGGGIG3 CX3ACIOCTIG OQCXXZAICAC GSGCEACIOC CAAC3^AADQC 3450 

OGOaOJCACT IGGmOCATC A1CACTAGQC TCACAQQOOG G3ACAAGAAC 3500 

CAGGIOGAAG QQSAQOnCA. AGIGOmCT AQC3QCAACAC AAliUi'i'iULT 3550 

GQOGACX^ ATCAAOBQCXS TGIGCIQGAC 1GIG25iOCAT G9QQC?IQ3CT 3600 

QGAAGAOCCT AGOOOSTOCA AAAGGflDCAA TCACOCAAAT GDOOCAAT 3650 

GTAGACCIGG ACCTOGTOGG CIOQCAQQOG CCXXXXX3Q3G 000001030' 3700 

GA.CACCAT3C AGCIOTGOCA OOIOOGACCT TIACIT03IC ADSAGACftTC 3750 

CIOATGrCAT T003GTO03C CGGOGAQQOG ACAGCAG333 AAGICEOC 3800 
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TCCOOCAQX G03ICI0Cm OCIGAAftGQC: 'iUCIOQacnG GKJGftTlGCT 3850 

TIGOQCnaS 030303105 TQQQOSICIT 0093XTOCT GIGIQC3m: 3900 

GQ39GSI03C GAAGQOQSIG GACITCftaSC OJUi'iGAGIC TMiaSAAftCr 3950 

j03aGCX3Sr CLUHJLXJIT CACftGRCAAC TCAftCJCDaOC OQXTGEADC 4000 

QCS^SOnC CAAGIOSCS^ ATCIQCAOQC 1C3C330G3C AG033CAaGA. 4050 

OCS^OCAAAGT GCXmiroaG 1MQCAQ03C QGIGCTOGIC 4100 

CltSi^AaXCT CLUi'lUOXC CADCTIW33G TnQ333CX3r ATKIWiUJAA 4150 
QQCACfta3Gfr AiaSACDCIA ACATCAGAAC -nmSE^AGS ACCATIRCCA - 4200 

OOGGLUXTC CSOTODGIAC TCCAOCTRIG GCTAUi'iOLT laOOGAbaSr 4250 

GQCIGTICIG O3aQCG0Cm IGACSffiam AEOGIGAIG AGIQOCACIC 4300 

AACIGACIOG iOSmOCT ia3QCM03G CACAGIOCIG GAOS^AODSG 4350 

AGACX39CTOG AGOGCX33C:iC U i UjiGC'IG G CCACD3C3K: ADCTOOGOSA 4400 

TCGGfTEAQCXS 1GQCAC2m: CAATAaX33AG GAAATAOaX 1GI0CAACAA 4450 

TOSiGAGATC OG L'i'lClM G QCAAAQ±AT CXJOJASi'lGAG GOCATCAAQG 4500 

GGQQGA09CA ' I C H J A I i 'l'l'- L U TGOCanOCA. AGAAGAAAOG TCfiCGaGCIC 4550 

GCX33CAAAQC IGACAQSCCT CX33ACIGAAC GCIGIAQCAT ATIA0CJ3933 4600 

cxrriGA-TCiG imsTCATAC a3crn?fla9C3 agadsiosit GrrosioGCAA 4650 

CAGACXSCICr AAlGAOaOSr TICACmXXS AnriGACIC AGIGAIOGAC 4700 

-IQCAAIJfiCAT GIGICAOQCA GACAGTOSAC TICAQCTIGS ATOCXS^OCIT 4750 

csaan©^ aogaogadcxs tgcxxxs^aga amsiGias otctcqcaac 4800 

GOOGaQSiaG AA.CIQ3CA93 GCTA03AGIG GCATCEOG GITIGIGACr 4850 

CCAGC3AGAAC G30CXI[QQ3G CAIGITCGAT 107103310: 1GIGIGAGIG 4900 

CrA3GACXXI3 GSCICTSCTT GGTATCAGCT CA0GCXXX3CT GAGAQCI03G 4950 

TEAGSriOCE GQCmariA AAIACAOCSVS GC3nGOCX33r CIQCTAQSAC 5000 

CATCIQGAGT 1CIQ3GAGAG CUiLTHJACA GQaCICAGOC ACAaCAGATOC 5050 

CCACnOCIG lOCXaGACIA AAOO3CA03 .AGAQ^ACTIT CXmACCTOS 5100 

IGQCATAICA AGCHJOOG TQCXSCX^^GQS CrCAAO::TOC AfXTCCATOG 5150 

TOQGACCAAA T3IQGAAGIG TCICAIACXaG CIGAAAOCrEA. CACIGGAOGG 5200 

aXAACAOCC CIQCIGTATA GOCE^QGAGC OSIOCAAAAT GAGGICAaJX' 5250 

TCACACAOOC CMAACEAAA. TACATCAIGG CAaOCAroiC G3CTG ACCIG 5300 

GAQSTOGTCA CTAGCADCIG QGIGCIGGEA. QGOSSAGIOC TUQCMXHTr 5350 

GQQCQCATAC IGQCIGAOGA CAG3CAGICT GSICATIGIG GGCZAGGATCA 5400 

ICnGIODGG GAAGOCAGCr GIOGTIDCXDG ACAGGGAAGT QCICIA0C3^ 5450 

GAGITCGAIG AGA3QGAAGA GIGIQQCICA CAAgHSHT A CATOGAGCA 5500 

GQGAATGCAG CrOQGQGAQC AATICAAQCA AAAQQOQCIC QOGnGTIQC 5550 

AAADGGQCAC CAAGCAAGC3G GAGGC'IGC IG CiaXX3IGGT G3AGTCCAAG 5600 

TOOCGAOCXX TTGAGADCrr CIQG93GAAG CftCATCIQGA ATTICATCAG 5650 

CGGAATftCAG TACDCEAGCAG GCTEATQCAC TCIGQCIQGA. AAOQCX330GA 5700 
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aaoCftTCATr GKIGGCSinT ACAUL'i'iUJA TCftCiaGlDX OCJICAOCaCC 5750 

CAAAACACXr TX'iUiTEAA CA3CnQ33G Q3MQ33IQG CIQCECAACT 5800 

cxsciccicxx: agoxigost CAQCTna3r Gaaooocjoac mogcxxsgiag 5850 

(JUUL 'i U i 'lGG. CMXXnGSC CTIGOSAftOG IGCIOGflQGA OaCnQOaG 5900 

OaCTKIQQQG CaOQOSERQC OSQCXSCaCIC UiUUUL'iTlA AQSKaiGftG 5950 

CX393GA03IG OX'iDIACXDS AQOftGCIGGiT CAftCTERCIC OCIOXMUJ 6000 

'iCiC1CC1l33 TQ0CCIO3IC 0103033103 'iUlOJGOGC AAa30G33r 6050 

GQQC303IQG QCOTOGRG?^ QQ93QCIGIG CAGJIGSaiGA A0CX3GCIGAT 6100 

AGUbTioGcr TOSjgagsm acerosicic cxrraoocac toigigcxtc 6150 

AGftooGAaac TGcaGcaoar gicrctcaga TOcicTCiftG ccnsoaic 6200 

AOOACIQC TC1AAGCX33CT CX3iaCAGIG3 ATEAA3GAQS ACIQCTCIAC 6250 

GQCMGCTOC QSCTOGIGQC TftAOSGATOT TiaoanOG AGSfllSCSmS 6300 

IGTIGACIGA CnCAAGACX: IQGCIOCACSr CCAAACIOCT GOaQOOSm. 6350 

CXX393AGICX: ClTlUUiUl C MQCXaAOSC GG3]30^AGG GAGICIG3CX3 6400 

COJXSfCOGC KTCMTGC?^ 6450 

GACMGICAA AAAOSSriDC MGAGGftlOG TaOGOOCTAG AAOCIOCftQC 6500 

AACA03IQ9C A033^A03IT CXXXMCAAC GCAIACADCA 033GA0CTIG 6550 

CACACXXTOC ODQQOQCXrA ACTmCCAG GG0QCIAIG3 0333IG3CIG 6600 

CIGA03AGIA C3GIQ3AGGIT Aa30GIGIG3 QOGAITIULA CIACGIGAOG 6650 

GQCMGACCA CIGACAADGT AAAG'IGOXA TQOCAGGnC OQGOOOOGGA 6700 

ATICnCAOG GAGGIQGA3G GAGIQOQGIT QCACAQGEAC GCTOOGQOGT 6750 

QCAAAOCICr TCTADSOGAG GACJGICADGr TCCM3JTCCG GCICAAOCAA 6800 

TACnOGrroS GGTCQCAGCT COCATOOGAG QCXXSAACOGS AOGTAACAGr 6850 

GCTIACITCC ATGCICAOOG NTCCCTCCCA CATTAlZAQCA GAiSy^SCTA 6900 

AGCCTAGGCr GGCEAGAQQG TCiaQOCCCr CrmGQCAG CICAICAQCr 6950 

AGOCAGTIGr CIGOGOCITC TTIGAAGGOG ACMQCACIA OOCACCATCA 7000 

CrOOOOGGAC GCIGAOCICA TOCSAGGOCAA CL'iLTlUiUS a33CAGSAGA 7050 

TO03CX3GAAA CMCACTOaC GIQGAGICAG AGAA3AAQGr AGE^ATICIG 7100 

GACICmOG AAOOSCnCA CQCX33AQQ33 GA3GAGAG33 AGATATOOGT 7150 

C3G033DQGAG A I CCIGOGAA AATOCAQ3AA GITOOOCICA GOGITOXCA 7200 

TATOOQCaOG OOOGGACIAC AAICCICCAC TGCTAGAGIC CIQGAAGGAC 7250 

COGGACIAOG TOOCIGOGST GGIACAOGGA TQOOCATIQC CAaCIA0C3A 7300 

GGCIOCTOCA ATAOCAOCIC CA03GAGAAA GAGnaOGSIT G1CC1GACAJ3 7350 

AATOCAAIGT GICTICIGQC TIG3033AGC TOQCCACIAA GACLTiUUST 7400 

AGCIOOQGAT CGlCaQOOGT TCAIAOOOGC ADQQ0GA003 OOCTIOCIGA 7450 

OCIGQCXITCC GAOGAOSGIG ACAAAGGATC OQACGTIGAG TOGIACICCT 7500 

QCATOOQOOC OJi'iGAAGQG GAQOQGGGQG AOOGOGATCT CAGOGADOGS 7550 

' IL ' i ' lUJI C JLA COGIGAGIGA GGAOaCTAGT GAGGKIGIOG TCIQCTOCTC 7600 
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AATCTOCTAT ADC3IGS?OG G03D0CIGftT CAOSCXaJIQC QC^QSRQG 7650 

7^AAG33^AGCr QOOCaaXaAC GOGTIGAGCa AL'iLTi'iUCT GCGICAOCaC 7700 

AACMOSICT AlDGOCaCAAC MOQ0GCM3C QCAAODCTOC 7750 

QQiCROCnT GACAGATIQ2 AAGTOCIQGA TGMCATE?^ CC^raBC 7800 

TCAftGCSAGAT GaAOSDGAAG GCGiraCAG TI3^AG3CEA QL'llCTKrCT 7850 

j^ms^33M33 crrocAAGCT Gfta3C3aacx3i canoaaccA mtcoa mt 7900 

TOQCIMGSS GC3\AA0GAGG TOOGGAftOCT ATOOQCSOS QOaSmAOC 7950 

ACATOCQCIC OSrSIQQGRG Gft L'l'iUL'iUG AfiCftOCAATT 8000 

GACRDCAa3i. TCKIQQCAAA AAGIGAG3IT TiUiGJGICC AACCAGAGAA 8050 

G3GAG3CX33C AAQXAGCIC GJJi'iMOCT AnDC3CAGAC CIG33AGITC 8100 

GICTATOCX3A GAAGAIGGX CTmOGAOS T33ICICXAC OCITOCICAG 8150 

GCXDGIGMQG GCTOCICAIA CQGATITCAA aJACTOOCXXA AQCaoaOOCT 8200 

CXSAGnOTIG GIGAftlROCT GCaAA^^ 8250 

CKEOGACAC 0CX3 L'iUiTiT GACICAAOSS ICACIGAS^ IGACATICGr 8300 

GTlGftGSAGT CAmTACCA ATGITCIGAC TIG3CXXXX33 AQ90CAGACA 8350 

GXCATAAGS 1CGCICACAG AQQQQCITIA CATOGaOOST CXDGCIGACEA 8400 

jOCAAAAO; GCAGAACIGC GGTmOGGC GCSIGOCJOOQC ARGIQQCGIG 8450 

CIGACGACm GOGOaGflAA TAOQCTCACA IGnACITGA AQOCXACTOC 8500 

^^QOCiGTOGA GCIQCAAAGC TOCAQGACIG CACX3A3QCIC GIGAAQQGAG 8550 

AQGADCrror (DGITATCIGT GAAAQOQQQG GAAOCTAGSA G3AIQCX9303 8600 

QCCCIAOGAG CX:TrcACX32A GQCEATCACT AGGIATICQG OC30aDOCXX3S 8650 

OSATCCQXC CAACCAGAAT AGGADCIQC3A GCIGAIAACA TCAluilO-T 8700 

CCAAIGIGIC AGI03CXX3«:: GATGCATCIG GCAAAAGOST AEACIACCIC 8750 

AQCC3GIGA(X CCAQCADOOC CGTIQCAaGG GCIQOGIGGS AGACAGCTAG 8800 

ACACACIOCA AICAACICrr GCSIHAGGCAA TAICATCATC TATOOGOCJCA 8850 

occiaiqgg:: aaggatcatt cigaigactc Acnrncic caiocticia 8900 

GCICAAGAGC AACITCAAAA AQOCXnGGAT TGICAGATCT AD3333CnG 8950 

CEACICCATT GAGCCACTIG ACCIAIXTCA GA3CATIGAA OGACIOCATC 9000 

GICITAGCXX: AmACACIC CACAGTEACT CICC^QGrGA GATCAATAQG 9050 

GTOGCnCAT GQCICAGGAA ACTTOGGGIA CJCAOOCnOC GAAC3CIQGAG 9100 

ACA1033C3CX: AGAAGIGTOC GGQC3AAGCT ACIGIOOCAG GGQaOGAGGS 9150 

(XGOCACTIG TOGCAGAnAC CICTTIAACr GGGCAGEAAG GADCAAGCIT 9200 

AAACICACIC CAATCCX33GC CGOCSIOCCAG CIGGACITOT CIQGCIGSIT 9250 

CX3ICJ3CI03r TACAGOQaOG GAGACATAaA TCACAQCCflG TCICGIQCXX: 9300 

GACCCEQCIG GrnCCGITG TGOCTACIDC TACTITCIGT AG9G3IAGGC 9350 

ATTIACCIGC TCCCCAACCG ATGAAOQGGG AGCIAAOCAC TC XAGGOCIT 9400 

AAGCCATTIC CIGinTnT ' ITri ' i'iTnT - ITnTlTiTi - TCiTiTiTlT 9450 

TircrnccT TixDcncnr ' i - iTiLL - iTiu Trrnaocrr crriAATOGr 9500 
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GGCKTATCT OaQDOCU^ CALXAJL'UAGC TGIGAAAGST OOGKSODOG 9550 
CA3GACIGCA GftGAGIQCTC AiaCIGaCCT CICIGCftGAT CMGr 9595 
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MSflNEKEW 1KE!N]I3IMQ rWKFB33(32I VGSVXLiLERR GERD37RKIR 50 

KASEH^ERG RRQPIH<ARR PB3RftW?^PG YEMOGNEB USmMLSP 100 

RGSRPSWGPT DEKRRSRNDS KVIinLTOGF ADLMSiJIELV G?iELJ3S?^ftRA 150 

lAHSWFSi/LED OZNXftTaJLP GCSESIFIIA LLSCIiTIPAS AXEVFNVSGI 200 

mTINDCSNS SIVYEAAEVI MHTKSCVICV QEGNSSKW AEJTPIIAaFN 250 

ASVPrmRR HVEimSEAA. PCSatCVaZj CGSIFLV93L FIFSH^RHET 300 

VQDCNCSIYP OiVSoHRMAW rMM-JM^SPIT ALWSQLU^ PQRWEMyWS 350 

AHWSVLAGLA YbTSMVOSWAK VLDJKLLFPG VDGEIHTIGR VftGHiiyUtT 400 

SLFSSSASQK: IQLVNINSSW HINRIftlZOr DSUjiGt'tAA. LEYMKFNSS 450 

GCEEFMASCR PirWFa33WS PHYIKHISS IXJ^PSCWEiJa. IKPCGWEftS 500 

QVaSPVKFT PSPWWSPID FSSVPIYS&G ENEIEWMLLN NIRPPQ3NWF 550 

GJBrMUTGF IRiaSSPPCN IGSVOSKELI CPIDCFRKHP EAIYIKD3SG 600 

mUTPBCDJD YPYRLWHyPC TLIvIFKCEKVR MYVOGVEHRL IWOsWIKS 650 

IOa.m^I3^ 'ELSEUXSIT BWQILPCAE^ 700 

"irtJYGVGSAFV SFAEKWEYIL LIflllAEftR VCACDWtWLL lAQftEAALEN 750 

LWLNAASVA GAH3ILSFLV FFCAAWXIKS RLAPGAAiaF YGVWPLLLLL 800 

LALPERAmi EREMAASCX3G AVLVGLVFLT LSPYYKVELT RLJI^WIiSyFI 850 

TRAEAHICIVW VPPUSIVPG3R DAIILLTCAV HPELIFDriK LLLAILGELM 900 

VLQAGTIRVP YFVRAQGLIR ACMiVRKVAG OTA/ig^lVEJdK IGALTGIWY 950 

NHLTELKCm HAGLEEtAVA VEPWFSAME IKVTIWGADT AAOaDTTTlPT. 1000 

PVSARRGKEI HJSPADSLH3 QQWRriAPIT AYSQQTRGWL GdTISLTGR 1050 

EKNQVEGEVQ WSIATQSFL ATCINGraT V^iMSAGSKIL AGERGPl'ICM 1100 

YINVDLDLVG VyQAPPGARSM TPCS03SSDL YLVIRHAEVI PVRRRaDSRG 1150 

SLLSPRPVSY IKGS9QGPLL CPSGHWGVF RAAVCIK3VA KA\m:PVES 1200 

MEJTIMRSPVF UNSTPPAVP QfTP^VAHLHA PTG9GKSI3<V PAAYAAQ3YK 1250 

VLVU^SVAA TU3PGAYMSK AHSIDENIRr GVKi'i'i'lUGS ITifSITCKFL 1300 

ADQQC933AY DIIICEBCHS TDSTTTDSIG TVUDQAETAG ARLWLAIEAT 1350 

PFGSVTVEHP NIEEIGLSNN GEIPFYGKAI PIEAIEQGRH UICHSKKKC 1400 

DELAAKL1GL GEL2^^ZAYYRG LCVSVIPPIG EWWAOnAL MEGPIGDelS 1450 

VUXNICVIQ IVEFSLDPIF TJLEiTiVPgp AVSE^S^^iOl TGEOlSGrYR 1500 

g Vl'RjhK PSG MEDSSVLCBC: Y£M3CPSfT£EL TPAETSVRLR AmJTPGUEV 1550 

CQEHLEFWES VFIGLTHIDA HFLSQI5«3AG ENFFVLVAYQ AIVCARAQAP 1600 

PPS^JD34^!ra: LIRLKPILHS FTELLYRLGA Vg^^EVILTHP ITKYIMACMS 1650 

ADLEWISIW VLVGGVLAAL AAYCLTIGSV VIVGRIIL9G KPAWPDE^ 1700 

LYQEF[:E^]EE CA9QLPYIBQ GKQLAEQFKQ KALGLUCflAT KQAE3^AAPW 1750 

ESKWRALEIF WM<HM^«^S G1Q£U>£3LST LPGNPAIASL MAFEASITSP 1800 

LTTONTLLFN ILGS/mJ^ APPSAASAFV GAGIAGAAVG SIGUSKVLVD 1850 

ILAGYGAGVA GALVAEKVMS GEVPSIEDLV NLLPAILSPG ALWGWCAA 1900 
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ZLRRHVGPCS G?VVQWMNRU: AEASR3SIHVS PUCVEESCA AM?7IQII5S 1950 

IJTTIQLIKRL HaWINEJXSr IC9GS&3LEEV VEWIC3VLTD FKISaDQSKIIi 2000 

H?LKfVEEIS C3QRGXK^WR GDGIMSfnCP (DGAQIAISWK NGaJRIVSER 2050 

"ICSNIWB3IF PINOTIGPC TPSPAHKSR AUWRWAAEEY VEVIFWGDFH 2100 

WIGMTHNV KCPCX^AEE mbVLGVE^L HRXAPACKEL IPbi^ii-vNG 2150 

INSYEVGSQL ICEEEEIVIV LTSML1DPSH ZCffiiaKRRL AK3SPPSLAS 2200 

SSASQLSAPS IKKICnHHD SEDMXIERN LEJWRQEM33N URWESENKV 2250 

VUXSEEELH AESCEKEISV 7^?ffini«SRK EPSKLPBER EUaiPELIES 2300 

WKDEEKVPEV VB3CELEPIK AEPIEEERRK SSftlAEEAEK 2350 

•IEX3S9GSSAV DSGU^aaiiTO lASEICTECS D7ESYSSMPP TtH4HK3Di:iiL - 2400 

SDGSWSIVSE E3^SEi:Wa::S MSYIWIGMU TPCS^AEESKL PINE[£NSLL 2450 

RHHNMTCOT SRSASLRCKK VinSLQy^ EfHRIMKEM KSKASIVKAK 2500 

LLSIEEftCKL TPEHSAKSKF GYGAKCWFNL SSRAWNHISS VWEHIEDIE 2550 

TPIDITIMAK SEVPCVQEEK QGE^ARUV FPDUJJS^JCE KMMOEWVSr 2600 

LEQKVMSSSY GPO^SEKORV EFLVNIWKSK KCHGFSYDT RCFDSIVIES 2650 

DIRVEESIYQ OXtAPEARQ AIRSLTERLY lOGELINSKG (JCGXRRCRA 2700 

SGVLTISOaJ TUIC^LKPOA ACKAAKLCPC IMLVNOXLV VICESftGIQE 2750 

EAAALRAFIE i^MIKifSAPPG DPPQEEXDLE LTISCSSNVS VAHCftSCaKRV 2800 

YYLTRDPITP lARAM^JEEAR HTPINSWDGN IIMSQiPIim FMmOHFFS 2850 

ILLftQBQLEK AUDQQIW3AC YSTKFTrfT.PQ IIERIH3LSA PTLHSYSPCE 2900 

INKVASCLPK LGVPPLR3VJR HPARSVRAKL L9Q33RAATC GRYLF1>WAVR 2950 

TKLKLTPIPA ASQLDLSGWF VM3Y933DIY HSLSRAFIEFIW FPLCLLLLSJ 3000 

GVGTVLLENR 3010 
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SEQUENCE LISTING 

<110> Bukh, Jens 

Purcell, Robert 
Yanagi, Masayxiki 
Emerson, Suzanne 

<120> Infectious cDNA Clone of GB virus B and Uses Thereof 
<130> 2026-4308PC 

<140> TBA 

€l41> 2000-06-02 

<150> 60/137,694 
<151> 1999-06-04 

<160> 5 

<170> Patent In Ver. 2.1 

<210> 1 

<211> 9399 

<212> DNA 

<213> GBV-B virus 

<400> 1 

accacaaaca ctccagtttg ttacactccg ctaggaatgc tcctggagca ccccccctag 60 
cagggcgtgg gggatttccc ctgcccgtct gcagaagggt ggagccaacc accttagtat 120 
gtaggcggcg ggactcatga cgctcgcgtg atgacaagcg ccaagcttga cttggatggc 180 
cctgatgggc gttcatgggt tcggtggtgg tggcgcttta ggcagcctcc acgcccacca 240 
cctcccagat agagcggcgg cactgtaggg aagaccgggg accggtcact accaaggacg 300 
'cagacctctt tttgagtatc acgcctccgg aagtagttgg gcaagcccac ctatatgtgt 360 
tgggatggtt ggggttagcc atccataccg tactgcctga tagggtcctt gcgaggggat 420 
ctgggagtcf cgtagaccgt agcacatgcc tgttatttct actcaaacaa gtcctgtacc 480 
tgcgcccaga acgcgcaaga acaagcagac gcaggcttca tatcctgtgt ccattaaaac 540 
atctgttgaa aggggacaac gagcaaagcg caaagtccag cgcgatgctc ggcctcgtaa 600 
ttacaaaatt gctggtatcc atgatggctt gcagacattg gctcaggctg ctttgccagc 660 
tcatggttgg ggacgccaag accctcgcca taagtctcgc aatcttggaa tccttctgga 720 
ttaccctttg gggtggattg gtgatgttac aactcacaca cctctagtag gcccgctggt 780 
ggcaggagcg gtcgttcgac cagtctgcca gatagtacgc ttgctggagg atggagtcaa 840 
ctgggctact ggttggttcg gtgtccacct ttttgtggta tgtctgctat ctttggcctg 900 
tccctgtagt ggggcgcggg tcactgaccc agacacaaat accacaatcc tgaccaattg 960 
ctgccagcgt aatcaggtta tctattgttc tccttccact tgcctacacg agcctggttg 1020 
tgtgatctgt gcggacgagt gctgggttcc cgccaatccg tacatctcac acccttccaa 1080 
ttggactggc acggactcct tcttggctga ccacattgat tttgttatgg gcgctcttgt 1140 
gacctgtgac gcccttgaca ttggtgagtt gtgtggtgcg tgtgtattag tcggtgactg 1200 
gcttgtcagg cactggctta ttcacataga cctcaatgaa actggtactt gttacctgga 1260 



1 



wo 00/75337 ^^/USOO/15293 

agtgcccact ggaatagatc ctgggttcct agggtttatc gggtggatgg ccggcaaggt 1320 
cgaggctgtc atcttcttga ccaaactggc ttcacaagta ccatacgcta ttgcgactat 1380 
gtttagcagt gtacactacc tggcggttgg cgctctgatc tactatgcct ctcggggcaa 1440 
gtggtatcag ttgctcctag cgcttatgct ttacatagaa gcgacctctg gaaaccccat 1500 
cagggtgccc actggatgct caatagctga gttttgctcg cctttgatga taccatgtcc 1560 
ttgccactct tatttgagtg agaatgtgtc agaagtcatt tgttacagtc caaagtggac 1620 
caggcctatc actctagagt ataacaactc catatcttgg tacccctata caatccctgg 1680 
tgcgagggga tgtatggtta aattcaaaaa taacacatgg ggttgctgcc gtattcgcaa 174 0 
tgtgccatcg tactgcacta tgggcactga tgcagtgtgg aacgacactc gcaacactta 1800 
cgaagcatgc ggtgtaacac catggctaac aaccgcatgg cacaacggct cagccctgaa 1860 
attggctata ttacaatacc ctgggtctaa agaaatgttt aaacctcata attggatgtc 1920 
aggccatttg tattttgagg gatcagatac ccctatagtt tacttttatg accctgtgaa 1980 
ttccactctc ctaccaccgg agaggtgggc taggttgccc ggtaccccac ctgtggtacg 2040 
tggttcttgg ttacaggttc cgcaagggtt ttacagtgat gtgaaagacc tagccacagg 2100 
attgatcacc aaagacaaag cctggaaaaa ttatcaggtc ttatattccg ccacgggtgc 2160 
tttgtctctt acgggagtta ccaccaaggc cgtggtgcta attctgttgg ggttgtgtgg 2220 
cagcaagtat cttattttag cctacctctg ttacttgtcc ctttgttttg ggcgcgcttc 2280 
tggttaccct ttgcgtcctg tgctcccatc ccagtcgtat ctccaagctg gctgggatgt 2340 
tttgtctaaa gctcaagtag ctccttttgc tttgattttc ttcatctgtt gctatctccg 2400 
ctgcaggcta cgttatgctg cccttttagg gtttgtgccc atggctgcgg gcttgcccct 2460 
aactttcttt gttgcagcag ctgctgccca accagattat gactggtggg tgcgactgct 2520 
agtggcaggg ttagttttgt gggccggccg taaccgtggt caccgcatag ctctgcttgt 2580 
aggtccttgg cctctggtag cgcttttaac cctcttgcat ttggttacgc ctgcttcagc 2640 
ttttgatacc gagataattg gagggctgac aataccacct gtagtagcat tagttgtcat 2700 
gtctcgtttt ggcttctttg ctcacttgtt acctcgctgt gctttagtta actcctatct 2760 
ttggcaacgt tgggagaatt ggttttggaa cgttacacta agaccggaga ggtttttcct 2 82 0 
tgtgctggtt tgtttccccg gtgcgacata tgacgcgctg gtgactttct gtgtgtgtca 2 880 
cgtagctctt ctatgtttaa catccagtgc agcatcgttc tttgggactg actctagggt 2 940 
tagggcccat agaatgttgg tgcgtctcgg aaagtgtcat gcttggtatt ctcattatgt 3000 
tcttaagttt ttcctcttag tgtttggtga gaatggtgtg tttttctata agcacttgca 3 060 
tggtgatgtc ttgcctaatg attttgcctc gaaactacca ttgcaagagc catttttccc 3120 
ttttgaaggc aaggcaaggg tctataggaa tgaaggaaga cgcttggcgt gtggggacac 3180 
ggttgatggt ttgcccgttg ttgcgcgtct cggcgacctt gttttcgcag ggttggctat 324 0 
gccgccagat gggtgggcca ttaccgcacc ttttacgctg cagtgtctct ctgaacgtgg 3300 
cacgctgtca gcgatggcag tggtcatgac tggtatagac ccccgaactt ggactggaac 3360 
tatcttcaga ttaggatctc tggccactag ctacatggga tttgtttgtg acaacgtgtt 3420 
gtatactgct caccatggca gcaaggggcg ccggttggct catcccacag gctctataca 3480 
cccaataacc gttgacgcgg ctaatgacca ggacatctat caaccaccat gtggagctgg 354 0 
gtcccttact cggtgctctt gcggggagac caaggggtat ctggtaacac gactggggtc 3600 
attggttgag gtcaacaaat ccgatgaccc ttattggtgt gtgtgcgggg cccttcccat 3660 
ggctgttgcc aagggttctt caggtgcccc gattctgtgc tcctccgggc atgttattgg 3720 
gatgttcacc gctgctagaa attctggcgg ttcagtcagt cagattaggg ttaggccgtt 3780 
ggtgtgtgct ggataccatc cccagtacac agcacatgcc actcttgata caaaacctac 3840 
tgtgcctaac gagtattcag tgcaaatttt aattgccccc actggcagcg gcaagtcaac 3900 
caaattacca ctttcttaca tgcaggagaa gtatgaggtc ttggtcctaa atcccagtgt 3960 
ggctacaaca gcatcaatgc caaagtacat gcacgcgacg tacggcgtga atccaaattg 402 0 
ctattttaat ggcaaatgta ccaacacagg ggcttcactt acgtacagca catatggcat 4080 
gtacctgacc ggagcatgtt cccggaacta tgatgtaatc atttgtgacg aatgccatgc 4140 
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taccgatgca accaccgtgt tgggcattgg aaaggtccta accgaagctc catccaaaaa 42 00 
tgttaggcta gtggttcttg ccacggctac cccccctgga gtaatcccta caccacatgc 4260 
caacataact gagattcaat taaccgatga aggcactatc ccctttcatg gaaaaaagat 4320 
taaggaggaa aatctgaaga aagggagaca ccttatcttt gaggctacca aaaaacactg 43 80 
tgatgagctt gctaacgagt tagctcgaaa gggaataaca gctgtctctt actatagggg 44 4 0 
atgtgacatc tcaaaaatcc ctgagggcga ctgtgtagta gttgccactg atgccttgtg 4500 
tacagggtac actggtgact ttgattccgt gtatgactgc agcctcatgg tagaaggcac 4560 
atgccatgtt gaccttgacc ctactttcac catgggtgtt cgtgtgtgcg gggtttcagc 4620 
aatagttaaa ggccagcgta ggggccgcac aggccgtggg agagctggca tatactacta 46 BO 
tgtagacggg agttgtaccc cttcgggtat ggttcctgaa tgcaacattg ttgaagcctt 4740 
cgacgcagcc aaggcatggt atggtttgtc atcaacagaa gctcaaacta ttctggacac 4800 
ctatcgcacc caacctgggt tacctgcgat aggagcaaat ttggacgagt gggctgatct 4 860 
cttttctatg gtcaaccccg aaccttcatt tgtcaatact gcaaaaagaa ctgctgacaa 4920 
ttatgttttg ttgactgcag cccaactaca actgtgtcat cagtatggct atgctgctcc 4980 
caatgacgca ccacggtggc agggagcccg gcttgggaaa aaaccttgtg gggttctgtg 5040 
gcgcttggac ggcgctgacg cctgtcctgg cccagagccc agcgaggtga ccagatacca 5100 
aatgtgcttc actgaagtca atacttctgg gacagccgca ctcgctgttg gcgttggagt 5160 
ggctatggct tatctagcca ttgacacttt tggcgccact tgtgtgcggc gttgctggtc 5220 
tattacatca gtccctaccg gtgctactgt cgccccagtg gttgacgaag aagaaatcgt 5280 
ggaggagtgt gcatcattca ttcccttgga ggccatggtt gctgcaattg acaagctgaa 5340 
gagtacaatc accacaacta gtcctttcac attggaaacc gcccttgaaa aacttaacac 5400 
ctttcttggg cctcatgcag ctacaatcct tgctatcata gagtattgct gtggtttagt 5460 
cactttacct gacaatccct ttgcatcatg cgtgtttgct ttcattgcgg gtattactac 5520 
cccactacct cacaagatca aaatgttcct gtcattattt ggaggcgcaa ttgcgtccaa 5580 
gcttacagac gctagaggcg cactggcgtt catgatggcc ggggctgcgg gaacagctct 5640 
tggtacatgg acatcggtgg gttttgtctt tgacatgcta ggcggctatg ctgccgcctc 5700 
atccactgct tgcttgacat ttaaatgctt gatgggtgag tggcccacta tggatcagct 5760 
tgctggttta gtctactccg cgttcaatcc ggccgcagga gttgtgggcg tcttgtcagc 5820 
ttgtgcaatg tttgctttga caacagcagg gccagatcac tggcccaaca gacttcttac 5880 
tatgcttgct aggagcaaca ctgtatgtaa tgagtacttt attgccactc gtgacatccg 5940 
caggaagata ctgggcattc tggaggcatc taccccctgg agtgtcatat cagcttgcat 6000 
ccgttggctc cacaccccga cggaggatga ttgcggcctc attgcttggg gtctagagat 6060 
ttggcagtat gtgtgcaatt tctttgtgat ttgctttaat gtccttaaag ctggagttca 6120 
gagcatggtt aacattcctg gttgtccttt ctacagctgc cagaaggggt acaagggccc 6180 
ctggattgga tcaggtatgc tccaagcacg ctgtccatgc ggtgctgaac tcatcttttc 6240 
tgttgagaat ggttttgcaa aactttacaa aggacccaga acttgttcaa attactggag 6300 
aggggctgtt ccagtcaacg ctaggctgtg tgggtcggct agaccggacc caactgattg 6360 
gactagtctt gtcgtcaatt atggcgttag ggactactgt aaatatgaga aaatgggaga 6420 
tcacattttt gttacagcag tatcctctcc aaatgtctgt ttcacccagg tgcccccaac 6480 
cttgagagct gcagtggccg tggacggcgt acaggttcag tgttatctag gtgagcccaa 6540 
aactccttgg acgacatctg cttgctgtta cggtcctgac ggtaagggta aaactgttaa 6600 
gcttcccttc cgcgttgacg gtcacacacc tggtgtgcgc atgcaactta atttgcgtga 6660 
tgcacttgag acaaatgact gtaattccac aaacaacact cctagtgatg aagccgcagt 6720 
gtccgctctt gttttcaaac aggagttgcg gcgtacaaac caattgcttg aggcaatttc 6780 
agctggcgtt gacaccacca aactgccagc cccctccatc gaagaggtag tggtaagaaa 6840 
gcgccagttc cgggcaagaa ctggttcgct taccttgcct ccccctccga gatccgtccc 6900 
aggagtgtca tgtcctgaaa gcctgcaacg aagtgacccg ttagaaggtc cttcaaacct 6960 
ccctccttca ccacctgttc tacagttggc catgccgatg cccctgttgg gagcgggtga 7020 
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gtgtaaccct ttcactgcaa ttggatgtgc aatgaccgaa acaggcggag gccctgatga 7060 
tttacccagt taccctccca aaaaggaggt ctctgaatgg tcagacgaaa gttggtcgac 714 0 
ggctacaacc gcttccagct acgttactgg ccccccgtac cctaagatac ggggaaagga 7200 
ttccactcag tcagcccccg ccaaacggcc tacaaaaaag aagttgggaa agagtgagtt 7260 
ttcgtgcagc atgagctaca cctggaccga cgtgattagc ttcaaaactg cttctaaagt 7320 
tctgtctgca actcgggcca tcactagtgg tttcctcaaa caaagatcat tggtgtatgt 7380 
gactgagccg cgggatgcgg agcttagaaa acaaaaagtc actattaata gacaacctct 7440 
gttcccccca tcataccaca agcaagtgag attggctaag gaaaaagctt caaaagttgt 7500 
cggtgtcatg tgggactatg atgaagtagc agctcacacg ccctctaagt ctgctaagtc 7560 
ccacatcact ggccttcggg gcactgatgt tcgttctgga gcagcccgca aggctgttct 7620 
ggacttgcag aagtgtgtcg aggcaggtga gataccgagt cattatcggc aaactgtgat 7680 
agttccaaag gaggaggtct tcgtgaagac cccccagaaa ccaacaaaga aacccccaag 7740 
gcttatctcg tacccccacc ttgaaatgag atgtgttgag aagatgtact acggtcaggt 7800 
tgctcctgac gtagttaaag ctgtcatggg agatgcgtac gggtttgtag atccacgtac 7860 
ccgtgtcaag cgtctgttgt cgatgtggtc acccgatgca gtcggagcca catgcgatac 792 0 
agtgtgtttt gacagtacca tcacacccga ggatatcatg gtggagacag acatctactc 7980 
agcagctaaa ctcagtgacc aacaccgagc tggcattcac accattgcga ggcagttata 8040 
cgctggagga ccgatgatcg cttatgatgg ccgagagatc ggatatcgta ggtgtaggtc 8100 
ttccggcgtc tatactacct caagttccaa cagtttgacc tgctggctga aggtaaatgc 8160 
tgcagccgaa caggctggca tgaagaaccc tcgcttcctt atttgcggcg atgattgcac 8220 
cgtaatttgg aagagcgccg gagcagatgc agacaaacaa gcaatgcgtg tctttgctag 8280 
ctggatgaag gtgatgggtg caccacaaga ttgtgtgcct caacccaaat acagtttgga 834 0 
agaattaaca tcatgctcat caaatgttac ctctggaatt accaaaagtg gcaagcctta 8400 
ctactttctt acaagagatc ctcgtatccc ccttggcagg tgctctgccg agggtctggg 8460 
atacaacccc agtgctgcgt ggattgggta tctaatacat cactacccat gtttgtgggt 8520 
tagccgtgtg ttggctgtcc atttcatgga gcagatgctc tttgaggaca aacttcccga 8580 
gactgtgacc tttgactggt atgggaaaaa ttatacggtg cctgtagaag atctgcccag 8640 
catcattgct ggtgtgcacg gtattgaggc tttctcggtg gtgcgctaca ccaacgctga 8700 
gatcctcaga gtttcccaat cactaacaga catgaccatg ccccccctgc gagcctggcg 8760 
aaagaaagcc agggcggtcc tcgccagcgc caagaggcgt ggcggagcac acgcaaaatt 8820 
ggctcgcttc cttctctggc atgctacatc tagacctcta ccagatttgg ataagacgag 8880 
cgtggctcgg tacaccactt tcaattattg tgatgtttac tccccggagg gggatgtgtt 8940 
tattacacca cagagaagat tgcagaagtt ccttgtgaag tatttggctg tcattgtttt 9000 
tgccctaggg ctcattgctg ttggattagc catcagctga acccccaaat tcaaaattaa 906 0 
ctaacagttt tttttttttt tttttttttt agggcagcgg caacagggga gaccccgggc 9120 
ttaacgaccc cgccgatgtg agtttggcga ccatggtgga tcagaaccgt ttcgggtgaa 9180 
gccatggtct gaaggggatg acgtcccttc tggctcatcc acaaaaaccg tctcgggtgg 924 0 
gtgaggagtc ctggctgtgt gggaagcagt cagtataatt cccgtcgtgt gtggtgacgc 9300 
ctcacgacgt atttgtccgc tgtgcagagc gtagtaccaa gggctgcacc ccggtttttg 9360 
ttccaagcgg agggcaaccc ccgcttggaa ttaaaaact 9399 
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Met Pro Val lie Ser Thr Gin Thr Ser Pro Val Pro Ala Pro Arg Thr 
15 10 15 

Arg Lys Asn Lys Gin Thr Gin Ala Ser Tyr Pro Val Ser lie Lys Thr 
20 25 30 

Ser Val Glu Arg Gly Gin Arg Ala Lys Arg Lys Val Gin Arg Asp Ala 
35 40 45 

Arg Pro Arg Asn Tyr Lys He Ala Gly He His Asp Gly Leu Gin Thr 
50 55 60 

Leu Ala Gin Ala Ala Leu Pro Ala His Gly Trp Gly Arg Gin Asp Pro 
65 70 75 80 

Arg His Lys Ser Arg Asn Leu Gly He Leu Leu Asp Tyr Pro Leu Gly 
85 90 95 

Trp He Gly Asp Val Thr Thr His Thr Pro Leu Val Gly Pro Leu Val 
100 105 110 

Ala Gly Ala Val Val Arg Pro Val Cys Gin He Val Arg Leu Leu Glu 
115 120 125 

Asp Gly Val Asn Trp Ala Thr Gly Trp Phe Gly Val His Leu Phe Val 
130 135 140 

Val Cys Leu Leu Ser Leu Ala Cys Pro Cys Ser Gly Ala Arg Val Thr 
145 150 155 160 

Asp Pro Asp Thr Asn Thr Thr He Leu Thr Asn Cys Cys Gin Arg Asn 
165 170 175 

Gin Val He Tyr Cys Ser Pro Ser Thr Cys Leu His Glu Pro Gly Cys 
180 185 190 

Val He Cys Ala Asp Glu Cys Trp Val Pro Ala Asn Pro Tyr He Ser 
195 200 205 

His Pro Ser Asn Trp Thr Gly Thr Asp Ser Phe Leu Ala Asp His He 
210 215 220 

Asp Phe Val Met Gly Ala Leu Val Thr Cys Asp Ala Leu Asp He Gly 
225 230 235 240 

Glu Leu Cys Gly Ala Cys Val Leu Val Gly Asp Trp Leu Val Arg His 
245 250 255 
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Trp Leu lie His lie Asp Leu Asn Glu Thr Gly Thr Cys Tyr Leu Glu 
260 265 270 

Val Pro Thr Gly lie Asp Pro Gly Phe Leu Gly Phe lie Gly Trp Met 
275 280 285 

Ala Gly Lys Val Glu Ala Val lie Phe Leu Thr Lys Leu Ala Ser Gin 
290 295 300 

Val Pro Tyr Ala lie Ala Thr Met Phe Ser Ser Val His Tyr Leu Ala 
305 310 315 320 

Val Gly Ala Leu lie Tyr Tyr Ala Ser Arg Gly Lys Trp Tyr Gin Leu 
325 330 335 

Leu Leu Ala Leu Met Leu Tyr He Glu Ala Thr Ser Gly Asn Pro He 
340 345 350 

Arg Val Pro Thr Gly Cys Ser He Ala Glu Phe Cys Ser Pro Leu Met 
355 360 365 

He Pro Cys Pro Cys His Ser Tyr Leu Ser Glu Asn Val Ser Glu Val 
370 375 380 

He Cys Tyr Ser Pro Lys Trp Thr Arg Pro He Thr Leu Glu Tyr Asn 
385 390 395 400 

Asn Ser He Ser Trp Tyr Pro Tyr Thr He Pro Gly Ala Arg Gly Cys 
405 410 415 

Met Val Lys Phe Lys Asn Asn Thr Trp Gly Cys Cys Arg He Arg Asn 
420 425 430 

Val Pro Ser Tyr Cys Thr Met Gly Thr Asp Ala Val Trp Asn Asp Thr 
435 440 445 

Arg Asn Thr Tyr Glu Ala Cys Gly Val Thr Pro Trp Leu Thr Thr Ala 
450 455 460 

Trp His Asn Gly Ser Ala Leu Lys Leu Ala He Leu Gin Tyr Pro Gly 
465 470 475 460 

Ser Lys Glu Met Phe Lys Pro His Asn Tirp Met Ser Gly His Leu Tyr 
485 490 495 

Phe Glu Gly Ser Asp Thr Pro He Val Tyr Phe Tyr Asp Pro Val Asn 
500 505 510 
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Ser Thr Leu Leu Pro Pro Glu Arg Trp Ala Arg Leu Pro Gly Thr Pro 
515 520 525 

Pro Val Val Arg Gly Ser Trp Leu Gin Val Pro Gin Gly Phe Tyr Ser 
530 535 540 

Asp Val Lys Asp Leu Ala Thr Gly Leu He Thr Lys Asp Lys Ala Trp 
545 550 555 560 

Lys Asn Tyr Gin Val Leu Tyr Ser Ala Thr Gly Ala Leu Ser Leu Thr 
565 570 575 

Gly Val Thr Thr Lys Ala Val Val Leu He Leu Leu Gly Leu Cys Gly 
580 585 590 

Ser Lys Tyr Leu He Leu Ala Tyr Leu Cys Tyr Leu Ser Leu Cys Phe 
595 600 605 

Gly Arg Ala Ser Gly Tyr Pro Leu Arg Pro Val Leu Pro Ser Gin Ser 
610 615 620 

Tyr Leu Gin Ala Gly Trp Asp Val Leu Ser Lys Ala Gin Val Ala Pro 
625 630 635 640 

Phe Ala Leu He Phe Phe He Cys Cys Tyr Leu Arg Cys Arg Leu Arg 
645 650 655 

Tyr Ala Ala Leu Leu Gly Phe Val Pro Met Ala Ala Gly Leu Pro Leu 
660 665 670 

Thr Phe Phe Val Ala Ala Ala Ala Ala Gin Pro Asp Tyr Asp Trp Trp 
675 680 685 

val Arg Leu Leu Val Ala Gly Leu Val Leu Trp Ala Gly Arg Asn Arg 
690 695 700 

Gly His Arg He Ala Leu Leu Val Gly Pro Trp Pro Leu Val Ala Leu 
705 710 715 720 

Leu Thr Leu Leu His Leu Val Thr Pro Ala Ser Ala Phe Asp Thr Glu 
725 730 735 

He He Gly Gly Leu Thr He Pro Pro Val Val Ala Leu Val Val Met 
740 745 750 

Ser Arg Phe Gly Phe Phe Ala His Leu Leu Pro Arg Cys Ala Leu Val 
755 760 765 
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Asn Ser Tyr Leu Trp Gin Arg Trp Glu Asn Trp Phe Trp Asn Val Thr 

770 775 780 

Leu Arg Pro Glu Arg Phe Phe Leu Val Leu Val Cys Phe Pro Gly Ala 

785 790 795 800 

Thr Tyr Asp Ala Leu Val Thr Phe Cys Val Cys His Val Ala Leu Leu 

805 810 815 

Cys Leu Thr Ser Ser Ala Ala Ser Phe Phe Gly Thr Asp Ser Arg Val 

820 825 830 

Arg Ala His Arg Met Leu Val Arg Leu Gly Lys Cys His Ala Trp Tyr 

835 840 845 

Ser His Tyr Val Leu Lys Phe Phe Leu Leu Val Phe Gly Glu Asn Gly 

850 855 860 



Val Phe Phe Tyr Lys His Leu His 
865 870 

Ala Ser Lys Leu Pro Leu Gin Glu 
885 

Ala Arg Val Tyr Arg Asn Glu Gly 
900 

Val Asp Gly Leu Pro Val Val Ala 
915 920 

Gly Leu Ala Met Pro Pro Asp Gly 
930 935 



Gly Asp Val Leu Pro Asn Asp Phe 
875 880 

Pro Phe Phe Pro Phe Glu Gly Lys 
890 895 

Arg Arg Leu Ala Cys Gly Asp Thr 
905 910 

Arg Leu Gly Asp Leu Val Phe Ala 
925 

Trp Ala He Thr Ala Pro Phe Thr 
940 



Leu Gin Cys Leu Ser Glu Arg Gly Thr Leu Ser Ala Met Ala Val Val 
945 950 955 960 

Met Thr Gly He Asp Pro Arg Thr Trp Thr Gly Thr He Phe Arg Leu 
965 970 975 

Gly Ser Leu Ala Thr Ser Tyr Met Gly Phe Val Cys Asp Asn Val Leu 
980 985 990 

Tyr Thr Ala His His Gly Ser Lys Gly Arg Arg Leu Ala His Pro Thr 
995 1000 1005 

Gly Ser He His Pro He Thr Val Asp Ala Ala Asn Asp Gin Asp He 
1010 1015 1020 
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Tyr Gin Pro Pro Cys Gly Ala Gly Ser Leu Thr Arg Cys Ser Cys Gly 
1025 1030 1035 1040 

Glu Thr Lys Gly Tyr Leu Val Thr Arg Leu Gly Ser Leu Val Glu Val 
1045 1050 1055 

Asn Lys Ser Asp Asp Pro Tyr Trp Cys Val Cys Gly Ala Leu Pro Met 
1060 1065 1070 

Ala Val Ala Lys Gly Ser Ser Gly Ala Pro He Leu Cys Ser Ser Gly 
1075 1080 1085 

His Val He Gly Met Phe Thr Ala Ala Arg Asn Ser Gly Gly Ser Val 
1090 1095 1100 

Ser Gin He Arg Val Arg Pro Leu Val Cys Ala Gly Tyr His Pro Gin 
1105 1110 1115 1120 

Tyr Thr Ala His Ala Thr Leu Asp Thr Lys Pro Thr Val Pro Asn Glu 
1125 1130 1135 

Tyr Ser Val Gin He Leu He Ala Pro Thr Gly Ser Gly Lys Ser Thr 
1140 1145 1150 

Lys Leu Pro Leu Ser Tyr Met Gin Glu Lys Tyr Glu Val Leu Val Leu 
1155 1160 1165 

Asn Pro Ser Val Ala Thr Thr Ala Ser Met Pro Lys Tyr Met His Ala 
1170 1175 1180 

Thr Tyr Gly Val Asn Pro Asn Cys Tyr Phe Asn Gly Lys Cys Thr Asn 
1185 1190 1195 1200 

Thr Gly Ala Ser Leu Thr Tyr Ser Thr Tyr Gly Met Tyr Leu Thr Gly 
1205 1210 1215 

Ala Cys Ser Arg Asn Tyr Asp Val He He Cys Asp Glu Cys His Ala 
1220 1225 1230 

Thr Asp Ala Thr Thr Val Leu Gly He Gly Lys Val Leu Thr Glu Ala 
1235 1240 1245 

Pro Ser Lys Asn Val Arg Leu Val Val Leu Ala Thr Ala Thr Pro Pro 
1250 1255 1260 

Gly Val He Pro Thr Pro His Ala Asn He Thr Glu He Gin Leu Thr 
1265 1270 1275 1280 
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Asp Glu Gly Thr lie Pro Phe His Gly Lys Lys lie Lys Glu Glu Asn 
1285 1290 1295 

Leu Lys Lys Gly Arg His Leu lie Phe Glu Ala Thr Lys Lys His Cys 
1300 ' 1305 1310 

Asp Glu Leu Ala Asn Glu Leu Ala Arg Lys Gly lie Thr Ala Val Ser 
1315 1320 1325 

Tyr Tyr Arg Gly Cys Asp lie Ser Lys lie Pro Glu Gly Asp Cys Val 
1330 1335 1340 

Val Val Ala Thr Asp Ala Leu Cys Thr Gly Tyr Thr Gly Asp Phe Asp 
1345 1350 1355 1360 

Ser Val Tyr Asp Cys Ser Leu Met Val Glu Gly Thr Cys His Val Asp 
1365 1370 1375 

Leu Asp Pro Thr Phe Thr Met Gly Val Arg Val Cys Gly Val Ser Ala 
1380 1385 1390 

lie Val Lys Gly Gin Arg Arg Gly Arg Thr Gly Arg Gly Arg Ala Gly 
1395 1400 1405 

lie Tyr Tyr Tyr Val Asp Gly Ser Cys Thr Pro Ser Gly Met Val Pro 
1410 1415 1420 

Glu Cys Asn lie Val Glu Ala Phe Asp Ala Ala Lys Ala Trp Tyr Gly 
1425 1430 1435 1440 

Leu Ser Ser Thr Glu Ala Gin Thr lie Leu Asp Thr Tyr Arg Thr Gin 
1445 1450 1455 

Pro Gly Leu Pro Ala lie Gly Ala' Asn Leu Asp Glu Trp Ala Asp Leu 
1460 1465 1470 

Phe Ser Net Val Asn Pro Glu Pro Ser Phe Val Asn Thr Ala Lys Arg 
1475 1480 1485 

Thr Ala Asp Asn Tyr Val Leu Leu Thr Ala Ala Gin Leu Gin Leu Cys 
1490 1495 1500 

His Gin Tyr Gly Tyr Ala Ala Pro Asn Asp Ala Pro Arg Trp Gin Gly 
1505 1510 1515 1520 

Ala Arg Leu* Gly Lys Lys Pro Cys Gly Val Leu Trp Arg Leu Asp Gly 
1525 1530 1535 
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Ala Asp Ala Cys Pro Gly Pro Glu Pro Ser Glu Val Thr Arg Tyr Gin 
1540 1545 1550 

Met Cys Phe Thr Glu Val Asn Thr Ser Gly Thr Ala Ala Leu Ala Val 
1555 1560 1565 

Gly Val Gly Val Ala Met Ala Tyr Leu Ala He Asp Thr Phe Gly Ala 
1570 1575 1580 

Thr Cys Val Arg Arg Cys Trp Ser He Thr Ser Val Pro Thr Gly Ala 
1585 1590 1595 1600 

Thr Val Ala Pro val Val Asp Glu Glu Glu He Val Glu Glu Cys Ala 
1605 1610 1615 

Ser Phe He Pro Leu Glu Ala Met Val Ala Ala He Asp Lys Leu Lys 
1620 1625 1630 

Ser Thr He Thr Thr Thr Ser Pro Phe Thr Leu Glu Thr Ala Leu Glu 
1635 1640 1645 

Lys Leu Asn Thr Phe Leu Gly Pro His Ala Ala Thr He Leu Ala He 
1650 1655 1660 

He Glu Tyr Cys Cys Gly Leu Val Thr Leu Pro Asp Asn Pro Phe Ala 
1665 . 1670 1675 1680 

Ser Cys Val Phe Ala Phe He Ala Gly He Thr Thr Pro Leu Pro His 
1685 1690 1695 

Lys He Lys Met Phe Leu Ser Leu Phe Gly Gly Ala He Ala Ser Lys 
1700 1705 1710 

Leu Thr Asp Ala Arg Gly Ala Leu Ala Phe Met Met Ala Gly Ala Ala 
1715 1720 1725 

Gly Thr Ala Leu Gly Thr Trp Thr Ser Val Gly Phe Val Phe Asp Met 
1730 1735 1740 

Leu Gly Gly Tyr Ala Ala Ala Ser Ser Thr Ala Cys Leu Thr Phe Lys 
1745 1750 1755 1760 

Cys Leu Met Gly Glu Trp Pro Thr Met Asp Gin Leu Ala Gly Leu Val 
1765 1770 1775 

Tyr Ser Ala Phe Asn Pro Ala Ala Gly Val Val Gly Val Leu Ser Ala 
1780 1785 1790 
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Cys Ala Met Phe Ala Leu Thr Thr Ala Gly Pro Asp His Trp Pro Asn 
1795 1800 1805 

Arg Leu Leu Thr Met Leu Ala Arg Ser Asn Thr Val Cys Asn Glu Tyr 
1810 1815 1820 

Phe lie Ala Thr Arg Asp lie Arg Arg Lys lie Leu Gly lie Leu Glu 
1825 1830 1835 1840 

Ala Ser Thr Pro Trp Ser Val lie Ser Ala Cys lie Arg Trp Leu His 
1845 1850 1855 

Thr Pro Thr Glu Asp Asp Cys Gly Leu lie Ala Trp Gly Leu Glu lie 
1860 1865 1870 

Trp Gin Tyr Val Cys Asn Phe Phe Val lie Cys Phe Asn Val Leu Lys 
1875 1880 1885 

Ala Gly Val Gin Ser Met Val Asn lie Pro Gly Cys Pro Phe Tyr Ser 
1890 1895 1900 

Cys Gin Lys Gly Tyr Lys Gly Pro Trp lie Gly Ser Gly Met Leu Gin 
1905 1910 1915 1920 

Ala Arg Cys Pro Cys Gly Ala Glu Leu lie Phe Ser Val Glu Asn Gly 
1925 1930 1935 

Phe Ala Lys Leu Tyr Lys Gly Pro Arg Thr Cys Ser Asn Tyr Trp Arg 
1940 1945 1950 

Gly Ala Val Pro Val Asn Ala Arg Leu Cys Gly Ser Ala Arg Pro Asp 
1955 1960 1965 

Pro Thr Asp Trp Thr Ser Leu Val Val Asn Tyr Gly Val Arg Asp Tyr 
1970 1975 . 1980 

Cys Lys Tyr Glu Lys Met Gly Asp His lie Phe Val Thr Ala Val Ser 
1985 1990 1995 2000 

Ser Pro Asn Val Cys Phe Thr Gin Val Pro Pro Thr Leu Arg Ala Ala 
2005 2010 2015 

Val Ala Val Asp Gly Val Gin Val Gin Cys Tyr Leu Gly Glu Pro Lys 
2020 2025 2030 

Thr Pro Trp Thr Thr Ser Ala Cys Cys Tyr Gly Pro Asp Gly Lys Gly 
2035 2040 2045 
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Lys Thr Val Lys Leu Pro Phe Arg Val Asp Gly His Thr Pro Gly Val 
2050 2055 2060 

Arg Met Gin Leu Asn Leu Arg Asp Ala Leu Glu Thr Asn Asp Cys Asn 
2065 2070 2075 2080 

Ser Thr Asn Asn Thr Pro Ser Asp Glu Ala Ala Val Ser Ala Leu Val 
2085 2090 2095 

Phe Lys Gin Glu Leu Arg Arg Thr Asn Gin Leu Leu Glu Ala lie Ser 
2100 2105 2110 

Ala Gly Val Asp Thr Thr Lys Leu Pro Ala Pro Ser He Glu Glu Val 
2115 2120 2125 

Val Val Arg Lys Arg Gin Phe Arg Ala Arg Thr Gly Ser Leu Thr Leu 
2130 2135 2140 

Pro Pro Pro Pro Arg Ser Val Pro Gly Val Ser Cys Pro Glu Ser Leu 
2145 2150 2155 2160 

Gin Arg Ser Asp Pro Leu Glu Gly Pro Ser Asn Leu Pro Pro Ser Pro 
2165 2170 2175 

Pro Val Leu Gin Leu Ala Met Pro Met Pro Leu Leu Gly Ala Gly Glu 
2180 2185 2190 

Cys Asn Pro Phe Thr Ala He Gly Cys Ala Met Thr Glu Thr Gly Gly 
2195 2200 2205 

Gly Pro Asp Asp Leu Pro Ser Tyr Pro Pro Lys Lys Glu Val Ser Glu 
2210 2215 2220 

Trp Ser Asp Glu Ser Trp Ser Thr Ala Thr Thr Ala Ser Ser Tyr Val 
2225 2230 2235 2240 

Thr Gly Pro Pro Tyr Pro Lys He Arg Gly Lys Asp Ser Thr Gin Ser 
2245 2250 2255 

Ala Pro Ala Lys Arg Pro Thr Lys Lys Lys Leu Gly Lys Ser Glu Phe 
2260 2265 2270 

Ser Cys Ser Met Ser Tyr Thr Trp Thr Asp Val He Ser Phe Lys Thr 
2275 2280 ^ 2285 

Ala Ser Lys Val Leu Ser Ala Thr Arg Ala He Thr Ser Gly Phe Leu 
2290 2295 2300 
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Lys Gin Arg Ser Leu Val Tyr Val Thr Glu Pro Arg Asp Ala Glu Leu 
2305 2310 2315 2320 

Arg Lys Gin Lys Val Thr lie Asn Arg Gin Pro Leu Phe Pro Pro Ser 
2325 2330 2335 

Tyr His Lys Gin Val Arg Leu Ala Lys Glu Lys Ala Ser Lys Val Val 
2340 2345 2350 

Gly Val Met Trp Asp Tyr Asp Glu Val Ala Ala His Thr Pro Ser Lys 
2355 2360 2365 

Ser Ala Lys Ser His lie Thr Gly Leu Arg Gly Thr Asp Val Arg Ser 
2370 2375 2380 

Gly Ala Ala Arg Lys Ala Val Leu Asp Leu Gin Lys Cys Val Glu Ala 
2385 2390 2395 2400 

Gly Glu lie Pro Ser His Tyr Arg Gin Thr Val lie Val Pro Lys Glu 
2405 2410 2415 

Glu Val Phe Val Lys Thr Pro Gin Lys Pro Thr Lys Lys Pro Pro Arg 
2420 2425 2430 

Leu lie Ser Tyr Pro His Leu Glu Met Arg Cys Val Glu Lys Met Tyr 
2435 2440 2445 

Tyr Gly Gin Val Ala Pro Asp Val Val Lys Ala Val Met Gly Asp Ala 
2450 2455 2460 

Tyr Gly Phe Val Asp Pro Arg Thr Arg Val Lys Arg Leu Leu Ser Met 
2465 2470 2475 2480 

Trp Ser Pro Asp Ala Val Gly Ala Thr Cys Asp Thr Val Cys Phe Asp 
2485 2490 2495 

Ser Thr lie Thr Pro Glu Asp lie Met Val Glu Thr Asp lie Tyr Ser 
2500 2505 2510 

Ala Ala Lys Leu Ser Asp Gin His Arg Ala Gly lie His Thr lie Ala 
2515 2520 2525 

Arg Gin Leu Tyr Ala Gly Gly Pro Met lie Ala Tyr Asp Gly Arg Glu 
2530 2535 2540 

lie Gly Tyr Arg Arg Cys Arg Ser Ser Gly Val Tyr Thr Thr Ser Ser 
2545 2550 2555 2560 
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Ser Asn Ser Leu Thr Cys Trp Leu Lys Val Asn Ala Ala Ala Glu Gin 
2565 2570 2575 

Ala Gly Met Lys Asn Pro Arg Phe Leu He Cys Gly Asp Asp Cys Thr 
2580 2585 2590 

Val He Trp Lys Ser Ala Gly Ala Asp Ala Asp Lys Gin Ala Met Arg 
2595 2600 2605 

Val Phe Ala Ser Trp Met Lys Val Met Gly Ala Pro Gin Asp Cys Val 
2610 2615 2620 

Pro Gin Pro Lys Tyr Ser Leu Glu Glu Leu Thr Ser Cys Ser Ser Asn 
2625 2630 2635 2640 

Val Thr ser Gly He Thr Lys Ser Gly Lys Pro Tyr Tyr Phe Leu Thr 
2645 2650 2655 

Arg Asp Pro Arg He Pro Leu Gly Arg Cys Ser Ala Glu Gly Leu Gly 
2660 2665 2670 

Tyr Asn Pro Ser Ala Ala Trp He Gly Tyr Leu He His His Tyr Pro 
2675 2680 2685 

Cys Leu Trp Val Ser Arg Val Leu Ala Val His Phe Met Glu Gin Met 
2690 2695 2700 

Leu Phe Glu Asp Lys Leu Pro Glu Thr Val Thr Phe Asp Trp Tyr Gly 
2705 2710 2715 2720 

Lys Asn Tyr Thr Val Pro Val Glu Asp Leu Pro Ser He He Ala Gly 
2725 2730 2735 

val His Gly He Glu Ala Phe Ser Val Val Arg Tyr Thr Asn Ala Glu 
2740 2745 2750 

He Leu Arg Val Ser Gin Ser Leu Thr Asp Met Thr Met Pro Pro Leu 
2755 2760 2765 

Arg Ala Trp Arg Lys Lys Ala Arg Ala Val Leu Ala Ser Ala Lys Arg 
2770 2775 2780 

Arg Gly Gly Ala His Ala Lys Leu Ala Arg Phe Leu Leu Trp His Ala 
2785 2790 2795 2800 

Thr Ser Arg Pro Leu Pro Asp Leu Asp Lys Thr Ser Val Ala Arg Tyr 
2805 2810 2815 
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Thr Thr Phe Asn Tyr Cys Asp Val Tyr Ser Pro Glu Gly Asp Val Phe 
2820 2825 2830 

He Thr Pro Gin Arg Arg Leu Gin Lys Phe Leu Val Lys Tyr Leu Ala 
2835 2840 2845 

Val He Val Phe Ala Leu Gly Leu He Ala Val Gly Leu Ala He Ser 
2850 2855 2860 



<210> 3 

<211> 9139 

<212> DNA 

<213> GBV-B virus 

<400> 3 

accacaaaca ctccagtttg ttacactccg 
cagggcgtgg gggatttccc ctgcccgtct 
gtaggcggcg ggactcatga cgctcgcgtg 
cctgatgggc gttcatgggt tcggtggtgg 
cctcccagat agagcggcgg cactgtaggg 
cagacctctt tttgagtatc acgcctccgg 
tgggatggtt ggggttagcc atccataccg 
ctgggagtct cgtagaccgt agcacatgcc 
tgcgcccaga acgcgcaaga acaagcagac 
atctgttgaa aggggacaac gagcaaagcg 
ttacaaaatt gctggtatcc atgatggctt 
tcatggttgg ggacgccaag accctcgcca 
ttaccctttg gggtggattg gtgatgttac 
ggcaggagcg gtcgttcgac cagtctgcca 
ctgggctact ggttggttcg gtgtccacct 
tccctgtagt ggggcgcggg tcactgaccc 
ctgccagcgt aatcaggtta tctattgttc 
tgtgatctgt gcggacgagt gctgggttcc 
ttggactggc acggactcct tcttggctga 
gacctgtgac gcccttgaca ttggtgagtt 
gcttgtcagg cactggctta ttcacataga 
agtgcccact ggaatagatc ctgggttcct 
cgaggctgtc atcttcttga ccaaactggc 
gtttagcagt gtacactacc tggcggttgg 
gtggtatcag ttgctcctag cgcttatgct 
cagggtgccc actggatgct caatagctga 
ttgccactct tatttgagtg agaatgtgtc 
caggcctatc actctagagt ataacaactc 
tgcgagggga tgtatggtta aattcaaaaa 



ctaggaatgc 


tcctggagca 


ccccccctag 


60 


gcagaagggt 


ggagccaacc 


accttagtat 


120 


atgacaagcg 


ccaagcttga 


cttggatggc 


180 


tggcgcttta 


ggcagcctcc 


acgcccacca 


240 


aagaccgggg 


accggtcact 


accaaggacg 


300 


aagtagttgg 


gcaagcccac 


ctatatgtgt 


360 


tactgcctga 


tagggtcctt 


gcgaggggat 


420 


tgttatttct 


actcaaacaa 


gtcctgtacc 


480 


gcaggcttca 


tatcctgtgt 


ccattaaaac 


540 


caaagtccag 


cgcgatgctc 


ggcctcgtaa 


600 


gcagacattg 


gctcaggctg 


ctttgccagc 


660 


taagtctcgc 


aatcttggaa 


tccttctgga 


720 


aactcacaca 


cctctagtag 


gcccgctggt 


780 


gatagtacgc 


ttgctggagg 


atggagtcaa 


840 


ttttgtggta 


tgtctgctat 


ctttggcctg 


900 


agacacaaat 


accacaatcc 


tgaccaattg 


960 


tccttccact 


tgcctacacg 


agcctggttg 


1020 


cgccaatccg 


tacatctcac 


acccttccaa 


1080 


ccacattgat 


tttgttatgg 


gcgctcttgt 


1140 


gtgtggtgcg 


tgtgtattag 


tcggtgactg 


1200 


cctcaatgaa 


actggtactt 


gttacctgga 


1260 


agggtttatc 


gggtggatgg 


ccggcaaggt 


1320 


ttcacaagta 


ccatacgcta 


ttgcgactat 


1380 


cgctctgatc 


tactatgcct 


ctcggggcaa 


1440 


ttacatagaa 


gcgacctctg 


gaaaccccat 


1500 


gttttgctcg 


cctttgatga 


taccatgtcc 


1560 


agaagtcatt 


tgttacagtc 


caaagtggac 


1620 


catatcttgg 


tacccctata 


caatccctgg 


1680 


taacacatgg 


ggttgctgcc 


gtattcgcaa 


1740 
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tgtgccatcg tactgcacta tgggcactga tgcagtgtgg aacgacactc gcaacactta 1800 
cgaagcatgc ggtgtaacac catggctaac aaccgcatgg cacaacggct cagccctgaa 1860 
attggctata ttacaatacc ctgggtctaa agaaatgttt aaacctcata attggatgtc 1920 
aggccatttg tattttgagg gatcagatac ccctatagtt tacttttatg accctgtgaa 1980 
ttccactctc ctaccaccgg agaggtgggc taggttgccc ggtaccccac ctgtggtacg 2040 
tggttcttgg ttacaggttc cgcaagggtt ttacagtgat gtgaaagacc tagccacagg 2100 
attgatcacc aaagacaaag cctggaaaaa ttatcaggtc ttatattccg ccacgggtgc 2160 
tttgtctctt acgggagtta ccaccaaggc cgtggtgcta attctgttgg ggttgtgtgg 2220 
cagcaagtat cttattttag cctacctctg ttacttgtcc ctttgttttg ggcgcgcttc 2280 
tggttaccct ttgcgtcctg tgctcccatc ccagtcgtat ctccaagctg gctgggatgt 2340 
tttgtctaaa gctcaagtag ctccttttgc tttgattttc ttcatctgtt gctatctccg 2400 
ctgcaggcta cgttatgctg cccttttagg gtttgtgccc atggctgcgg gcttgcccct 2460 
aactttcttt gttgcagcag ctgctgccca accagattat gactggtggg tgcgactgct 2 52 0 
agtggcaggg ttagttttgt gggccggccg taaccgtggt caccgcatag ctctgcttgt 2580 
aggtccttgg cctctggtag cgcttttaac cctcttgcat ttggttacgc ctgcttcagc 2640 
ttttgatacc gagataattg gagggctgac aataccacct gtagtagcat tagttgtcat 2700 
gtctcgtttt ggcttctttg ctcacttgtt acctcgctgt gctttagtta actcctatct 2760 
ttggcaacgt tgggagaatt ggttttggaa cgttacacta agaccggaga ggtttttcct 2820 
tgtgctggtt tgtttccccg gtgcgacata tgacgcgctg gtgactttct gtgtgtgtca 2880 
cgtagctctt ctatgtttaa catccagtgc agcatcgttc tttgggactg actctagggt 294 0 
tagggcccat agaatgttgg tgcgtctcgg aaagtgtcat gcttggtatt ctcattatgt 3000 
tcttaagttt ttcctcttag tgtttggtga gaatggtgtg tttttctata agcacttgca 3060 
tggtgatgtc ttgcctaatg attttgcctc gaaactacca ttgcaagagc catttttccc 3120 
ttttgaaggc aaggcaaggg tctataggaa tgaaggaaga cgcttggcgt gtggggacac 3180 
ggttgatggt ttgcccgttg ttgcgcgtct cggcgacctt gttttcgcag ggttggctat 3240 
gccgccagat gggtgggcca ttaccgcacc ttttacgctg cagtgtctct ctgaacgtgg 3300 
cacgctgtca gcgatggcag tggtcatgac tggtatagac ccccgaactt ggactggaac 3360 
tatcttcaga ttaggatctc tggccactag ctacatggga tttgtttgtg acaacgtgtt 3420 
gtatactgct caccatggca gcaaggggcg ccggttggct catcccacag gctctataca 3480 
cccaataacc gttgacgcgg ctaatgacca ggacatctat caaccaccat gtggagctgg 3540 
gtcccttact cggtgctctt gcggggagac caaggggtat ctggtaacac gactggggtc 3600 
attggttgag gtcaacaaat ccgatgaccc ttattggtgt gtgtgcgggg cccttcccat 3660 
ggctgttgcc aagggttctt caggtgcccc gattctgtgc tcctccgggc atgttattgg 3720 
gatgttcacc gctgctagaa attctggcgg ttcagtcagt cagattaggg ttaggccgtt 3780 
ggtgtgtgct ggataccatc cccagtacac agcacatgcc actcttgata caaaacctac 3840 
tgtgcctaac gagtattcag tgcaaatttt aattgccccc actggcagcg gcaagtcaac 3900 
caaattacca ctttcttaca tgcaggagaa gtatgaggtc ttggtcctaa atcccagtgt 3960 
ggctacaaca gcatcaatgc caaagtacat gcacgcgacg tacggcgtga atccaaattg 4020 
ctattttaat ggcaaatgta ccaacacagg ggcttcactt acgtacagca catatggcat 4080 
gtacctgacc ggagcatgtt cccggaacta tgatgtaatc atttgtgacg aatgccatgc .414 0 
taccgatgca accaccgtgt tgggcattgg aaaggtccta accgaagctc catccaaaaa 4200 
tgttaggcta gtggttcttg ccacggctac cccccctgga gtaatcccta caccacatgc 4260 
caacataact gagattcaat taaccgatga aggcactatc ccctttcatg gaaaaaagat 4320 
taaggaggaa aatctgaaga aagggagaca ccttatcttt gaggctacca aaaaacactg 43 80 
tgatgagctt gctaacgagt tagctcgaaa gggaataaca gctgtctctt actatagggg 4440 
atgtgacatc tcaaaaatcc ctgagggcga ctgtgtagta gttgccactg atgccttgtg 4500 
tacagggtac actggtgact ttgattccgt gtatgactgc agcctcatgg tagaaggcac 4560 
atgccatgtt gaccttgacc ctactttcac catgggtgtt cgtgtgtgcg gggtttcagc 4620 



17 



wo 00/75337 



/USOO/15293 



aatagttaaa ggccagcgta ggggccgcac 
tgtagacggg agttgtaccc cttcgggtat 
cgacgcagcc aaggcatggt atggtttgtc 
ctatcgcacc caacctgggt tacctgcgat 
cttttctatg gtcaaccccg aaccttcatt 
ttatgttttg ttgactgcag cccaactaca 
caatgacgca ccacggtggc agggagcccg 
gcgcttggac ggcgctgacg cctgtcctgg 
aatgtgcttc actgaagtca atacttctgg 
ggctatggct tatctagcca ttgacacttt 
tattacatca gtccctaccg gtgctactgt 
ggaggagtgt gcatcattca ttcccttgga 
gagtacaatc accacaacta gtcctttcac 
ctttcttggg cctcatgcag ctacaatcct 
cactttacct gacaatccct ttgcatcatg 
cccactacct cacaagatca aaatgttcct 
gcttacagac gctagaggcg .cactggcgtt 
tggtacatgg acatcggtgg gttttgtctt 
atccactgct tgcttgacat ttaaatgctt 
tgctggttta gtctactccg .cgttcaatcc 
ttgtgcaatg tttgctttga caacagcagg 
tatgcttgct aggagcaaca ctgtatgtaa 
caggaagata ctgggcattc tggaggcatc 
ccgttggctc cacaccccga cggaggatga 
ttggcagtat gtgtgcaatt tctttgtgat 
gagcatggtt aacattcctg gttgtccttt 
ctggattgga tcaggtatgc tccaagcacg 
tgttgagaat ggttttgcaa aactttacaa 
aggggctgtt ccagtcaacg ctaggctgtg 
gactagtctt gtcgtcaatt atggcgttag 
tcacattttt gttacagcag tatcctctcc 
cttgagagct gcagtggccg tggacggcgt 
aactccttgg acgacatctg cttgctgtta 
gcttcccttc cgcgttgacg gtcacacacc 
tgcacttgag acaaatgact gtaattccac 
gtccgctctt gttttcaaac aggagttgcg 
agctggcgtt gacaccacca aactgccagc 
gcgccagttc cgggcaagaa ctggttcgct 
aggagtgtca tgtcctgaaa gcctgcaacg 
ccctccttca ccacctgttc tacagttggc 
gtgtaaccct ttcactgcaa ttggatgtgc 
tttacccagt taccctccca aaaaggaggt 
ggctacaacc gcttccagct acgttactgg 
ttccactcag tcagcccccg ccaaacggcc 
ttcgtgcagc atgagctaca cctggaccga 
tctgtctgca actcgggcca tcactagtgg 
gactgagccg cgggatgcgg agcttagaaa 
gttcccccca tcataccaca agcaagtgag 



aggccgtggg agagctggca tatactacta 4 680 
ggttcctgaa tgcaacattg ttgaagcctt 4740 
atcaacagaa gctcaaacta ttctggacac 4800 
aggagcaaat ttggacgagt gggctgatct 4 860 
tgtcaatact gcaaaaagaa ctgctgacaa 4 920 
actgtgtcat cagtatggct atgctgctcc 4980 
gcttgggaaa aaaccttgtg gggttctgtg 504 0 
cccagagccc agcgaggtga ccagatacca 5100 
gacagccgca ctcgctgttg gcgttggagt 5160 
tggcgccact tgtgtgcggc gttgctggtc 5220 
cgccccagtg gttgacgaag aagaaatcgt 5280 
ggccatggtt gctgcaattg acaagctgaa 534 0 
attggaaacc gcccttgaaa aacttaacac 5400 
tgctatcata gagtattgct gtggtttagt 5460 
cgtgtttgct ttcattgcgg gtattactac 552 0 
gtcattattt ggaggcgcaa ttgcgtccaa 5580 
catgatggcc ggggctgcgg gaacagctct 5640 
tgacatgcta ggcggctatg ctgccgcctc 57 00 
gatgggtgag tggcccacta tggatcagct 5760 
ggccgcagga gttgtgggcg tcttgtcagc 5820 
gccagatcac tggcccaaca gacttcttac 5880 
tgagtacttt attgccactc gtgacatccg 5940 
taccccctgg agtgtcatat cagcttgcat 6000 
ttgcggcctc attgcttggg gtctagagat 6060 
ttgctttaat gtccttaaag ctggagttca 6120 
ctacagctgc cagaaggggt acaagggccc 6180 
ctgtccatgc ggtgctgaac tcatcttttc 6240 
aggacccaga acttgttcaa attactggag 6300 
^99gtc99ct agaccggacc caactgattg 6360 
ggactactgt aaatatgaga aaatgggaga 6420 
aaatgtctgt ttcacccagg tgcccccaac 6480 
acaggttcag tgttatctag gtgagcccaa 654 0 
cggtcctgac ggtaagggta aaactgttaa 6600 
tggtgtgcgc atgcaactta atttgcgtga 6660 
aaacaacact cctagtgatg aagccgcagt 6720 
gcgtacaaac caattgcttg aggcaatttc 6780 
cccctccatc gaagaggtag tggtaagaaa 6840 
taccttgcct ccccctccga gatccgtccc 6900 
aagtgacccg ttagaaggtc cttcaaacct 6960 
catgccgatg cccctgttgg gagcgggtga 7020 
aatgaccgaa acaggcggag gccctgatga 7080 
ctctgaatgg tcagacgaaa gttggtcgac 714 0 
ccccccgtac cctaagatac ggggaaagga 72 00 
tacaaaaaag aagttgggaa agagtgagtt 7260 
cgtgattagc ttcaaaactg cttctaaagt 7320 
tttcctcaaa caaagatcat tggtgtatgt 7380 
acaaaaagtc actattaata gacaacctct 7440 
attggctaag gaaaaagctt caaaagttgt 7500 
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cggtgtcatg tgggactatg atgaagtagc 
ccacatcact ggccttcggg gcactgatgt 
ggacttgcag aagtgtgtcg aggcaggtga 
agttccaaag gaggaggtct tcgtgaagac 
gcttatctcg tacccccacc ttgaaatgag 
tgctcctgac gtagttaaag ctgtcatggg 
ccgtgtcaag cgtctgttgt cgatgtggtc 
agtgtgtttt gacagtacca tcacacccga 
agcagctaaa ctcagtgacc aacaccgagc 
cgctggagga ccgatgatcg cttatgatgg 
ttccggcgtc tatactacct caagttccaa 
tgcagccgaa caggctggca tgaagaaccc 
cgtaatttgg aagagcgccg gagcagatgc 
ctggatgaag gtgatgggtg caccacaaga 
agaattaaca tcatgctcat caaatgttac 
ctactttctt acaagagatc ctcgtatccc 
atacaacccc agtgctgcgt ggattgggta 
tagccgtgtg ttggctgtcc atttcatgga 
gactgtgacc tttgactggt atgggaaaaa 
catcattgct ggtgtgcacg gtattgaggc 
gatcctcaga gtttcccaat cactaacaga 
aaagaaagcc agggcggtcc tcgccagcgc 
ggctcgcttc cttctctggc atgctacatc 
cgtggctcgg tacaccactt tcaattattg 
tattacacca cagagaagat tgcagaagtt 
tgccctaggg ctcattgctg ttggattagc 
ctaacagttt tttttttttt tttttttttt 
ttaacgaccc cgcgatgtg 



agctcacacg ccctctaagt ctgctaagtc 7560 
tcgttctgga gcagcccgca aggctgttct 7620 
gataccgagt cattatcggc aaactgtgat 7680 
cccccagaaa ccaacaaaga aacccccaag 7740 
atgtgttgag aagatgtact acggtcaggt 7800 
agatgcgtac gggtttgtag atccacgtac 7860 
acccgatgca gtcggagcca catgcgatac 7920 
ggatatcatg gtggagacag acatctactc 7980 
tggcattcac accattgcga ggcagttata 8040 
ccgagagatc ggatatcgta ggtgtaggtc 8100 
cagtttgacc tgctggctga aggtaaatgc 8160 
tcgcttcctt atttgcggcg atgattgcac 8220 
agacaaacaa gcaatgcgtg tctttgctag B280 
ttgtgtgcct caacccaaat acagtttgga 834 0 
ctctggaatt accaaaagtg gcaagcctta 8400 
ccttggcagg tgctctgccg agggtctggg 8460 
tctaatacat cactacccat gtttgtgggt 852 0 
gcagatgctc tttgaggaca aacttcccga 8580 
ttatacggtg cctgtagaag atctgcccag 8640 
tttctcggtg gtgcgctaca ccaacgctga 8700 
catgaccatg ccccccctgc gagcctggcg 8760 
caagaggcgt ggcggagcac acgcaaaatt 8820 
tagacctcta ccagatttgg ataagacgag 8880 
tgatgtttac tccccggagg gggatgtgtt 8940 
ccttgtgaag tatttggctg tcattgtttt 9000 
catcagctga acccccaaat tcaaaattaa 9060 
agggcagcgg caacagggga gaccccgggc 9120 

9139 



<210> 4 
<211> 9711 
<212> DNA 

<213> Hepatitis C virus 
<400> 4 

acccgcccct aataggggcg acactccgcc 
cttcacgcag aaagcgtcta gccatggcgt 
ccccctcccg ggagagccat agtggtctgc 
aagactgggt cctttcttgg ataaacccac 
caagactgct agccgagtag cgttgggttg 
tgcttgcgag tgccccggga ggtctcgtag 
tcaaagaaaa accaaaagaa acaccaaccg 
cggccagatc gttggcggag tatacttgtt 
cgcgacaagg aagacttcgg agcggtccca 
agatcggcgc tccactggca aatcctgggg 
gaatgaggga ctcggctggg caggatggct 
gggccccaat gacccccggc ataggtcgcg 



atgaatcact cccctgtgag gaactactgt 60 
tagtatgagt gtcgtacagc ctccaggccc 120 
ggaaccggtg agtacaccgg aattgccggg 180 
tctatgcccg gccatttggg cgtgcccccg 240 
cgaaaggcct tgtggtactg cctgataggg 300 
accgtgcacc atgagcacaa atcctaaacc 360 
tcgcccacaa gacgttaagt ttccgggcgg 420 
gccgcgcagg ggccccaggt tgggtgtgcg 480 
gccacgtgga aggcgccagc ccatccctaa 540 
aaaaccagga tacccctggc ccctatacgg 600 
cctgtccccc cgaggttccc gtccctcttg 660 
caacgtgggt aaggtcatcg ataccctaac 720 
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gtgcggcttt gccgacctca tggggtacat 
cgccagagct ctcgcgcatg gcgtgagagt 
gaacttaccc ggttgctcct tttctatctt 
cccggtctcc gctgccgaag tgaagaacat 
caccaatgac agcattacct ggcagctcca 
cccgtgcgag aaagtgggga atgcatctca 
cgtgcagcgg cccggcgccc tcacgcaggg 
gtccgccacg ctctgctctg ccctctacgt 
agcccaaatg ttcattgtct cgccgcagca 
catctaccct ggtaccatca ctggacaccg 
gcccacggct accatgatct tggcgtacgc 
cattagcggg gctcattggg gcgtcatgtt 
gtgggcgaaa gtcgttgtca tccttctgtt 
tgttgggggt tctgccgcgc agaccaccgg 
caggcagaaa atccagctcg ttaacaccaa 
gaactgcaat gactccttgc acaccggctt 
caactcgtca ggatgtcccg aacgcatgtc 
gggatggggc gccttgcaat atgaggataa 
ttgctggcac tacccaccaa ggcagtgtgg 
agtgtactgt ttcaccccca gcccagtggt 
cacttacacg tggggggaga atgagacaga 
gctggggtca tggttcggct gcacgtggat 
cgcaccaccc tgccgtacta gagctgactt 
ggactgtttt aggaagcatc ctgataccac 
cacgccaagg tgcctgatcg actaccccta 
ctataccatc ttcaaaataa ggatgtatgt 
atgcaatttc actcgtgggg atcgttgcaa 
tcctttgttg cactccacca cggaatgggc 
cgccttgtcg actggtcttc tccacctcca 
tggcctatca cctgccctca caaaatacat 
cctgctctta gcggacgcca gggtttgcgc 
ggccgaagca gcactagaga agctggtcat 
tggcttccta tattttgtca tctttttcgt 
ccccttagct acctattccc tcactggcct 
gccccaacag gcttatgctt atgacgcatc 
ggtaatgatc actctcttta ctctcacccc 
gtggtggttg tgctatcttc tgaccctggg 
tatgcaggtg cgcggtggcc gtgatggcat 
tgtggtgttt gacataacca agtggctctt 
aggtgctttg acgcgcgtgc cgtacttcgt 
catggcaagg catctcgcgg ggggcaggta 
gtggactggc acttacatct atgaccacct 
cctgcgggac ctggcggtcg ccgttgagcc 
cattgtctgg ggagcggaga cagctgcttg 
cgcccgactt ggtcgggagg tcctccttgg 
gagtcttctc gcccccatca ctgcttacgc 
agtggtgagc atgacggggc gcgacaagac 
cacagtcact cagtccttcc tcggaacatc 



^^T/USOO/15293 

ccctgtcgtg ggcgccccgc tcggcggcgt 780 
cctggaggac ggggttaatt ttgcaacagg 840 
cttgctggcc ctgctgtcct gcatcaccac 900 
cagtaccggc tacatggtga ctaacgactg 960 
ggctgctgtc ctccacgtcc ccgggtgcgt 1020 
gtgctggata ccggtctcac cgaatgtggc 1080 
cttgcggacg cacatcgaca tggttgtgat 1140 
gggggacctc tgcggtgggg tgatgctcgc 1200 
ccactggttt gtccaagact gcaattgctc 1260 
catggcatgg gacatgatga tgaactggtc 1320 
gatgcgtgtc cccgaggtca ttatagacat 1380 
cggcttggcc tacttctcta tgcagggagc 1440 
ggccgccggg gtggacgcgc gcacccatac 1500 
gcgcctcacc agcttatttg acatgggccc 1560 
tggcagctgg cacatcaacc gcaccgccct 1620 
tatcgcgtct ctgttctaca cccacagctt 1680 
cgcctgccgc agtatcgagg ccttccgggt 174 0 
tgtcaccaat ccagaggata tgagacccta 1800 
cgtggtctcc gcgaagactg tgtgtggccc • 1860 
agtgggcacg accgacaggc ttggagcgcc 1920 
tgtcttccta ttgaacagca ctcgaccacc 1980 
gaactcttct ggctacacca agacttgcgg 2040 
caacgccagc acggacctgt tgtgccccac 2100 
ttacctcaaa tgcggctctg ggccctggct 2160 
caggctctgg cattacccct gcacagttaa 2220 
ggg^ggggtt gagcacaggc tcacggctgc 2280 
cttggaggac agagacagaa gtcaactgtc 234 0 
cattttacct tgctcttact cggacctgcc 2400 
ccaaaacatc gtggacgtac aattcatgta 2460 
cgtccgatgg gagtgggtaa tactcttatt 2520 
ctgcttatgg atgctcatct tgttgggcca 2580 
cttgcacgct gcgagcgcag ctagctgcaa 2640 
ggctgcttgg tacatcaagg gtcgggtagt 2700 
gtggtccttt agcctactgc tcctagcatt 2760 
tgtgcatggc cagataggag cggctctgct 2820 
cgggtataag acccttctca gccggttttt 2880 
ggaagctatg gtccaggagt gggcaccacc 2940 
catatgggcc gtcgccatat tctacccagg 3000 
ggcggtgctt gggcctgctt acctcctaaa 3060 
cagggctcac gctctactga ggatgtgcac 3120 
cgtccagatg gcgctactag cccttggcag 3180 
cacccctatg tcggattggg ctgctagtgg 3240 
tatcatcttc agtccgatgg agaagaaagt 3300 
tggggacatt ttacacggac ttcccgtgtc 3360 
cccagctgat ggctatacct ccaaggggtg 3420 
ccagcagaca cgtggccttt tgggcaccat 34 80 
agaacaggct ggggaaattc aggtcctgtc 3540 
catctcgggg gttttgtgga ctgtctacca 3600 
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tggagctggc aacaagactc tggccggctc acggggtccg gtcacgcaga tgtactccag 3660 
tgctgagggg gacttagtag ggtggcccag cccccctggg actaaatctt tggagccgtg 3720 
cacgtgtgga gcggtcgacc tgtacctggt cacgcggaac gctgatgtca tcccggctcg 3780 
aagacgcggg gacaaacggg gagcgctact ctccccgaga cctctttcca ccttgaaggg 3840 
gtcctcagga ggcccggtgc tatgccccag gggccacgct gtcggagtct tccgggcagc 3900 
tgtgtgctct cggggcgtgg ctaagtccat agatttcatc cccgttgaga cactcgacat 3960 
cgtcacgcgg tcccccacct ttagtgacaa cagcacacca cctgctgtgc cccagaccta 4020 
tcaggtcggg tacttgcatg ccccgactgg cagtggaaag agcaccaaag ttcctgtcgc 4080 
atatgctgct caggggtata aagtgctagt gcttaatccc tcagtggctg ccaccctggg 4140 
gtttggggcg tacttgtcta aggcacatgg catcaatccc aacattagga ctggagtcag 4200 
gactgtgacg accggggcgc ccatcacgta ctccacatat ggcaaattcc tcgccgatgg 4260 
gggctgtgcg ggcggcgcct acgacatcat catatgtgat gaatgccatg ccgtggactc 4320 
taccaccatc cttggcatcg gaacagtcct tgatcaagca gagacagctg gggtcagact 43 80 
aactgtgctg gctacagcta cgccccctgg gtcagtgaca accccccacc ccaacataga 4440 
ggaggtggcc cttgggcagg agggcgagat ccccttctat gggagggcga ttcccctgtc 4500 
ttacatcaag ggaggaagac atctgatctt ctgccattca aagaaaaagt gtgacgagct 4560 
cgcggcggcc cttcggggta tgggcttgaa ctcagtggca tactacagag ggttggacgt 4620 
ctccgtaata ccaactcagg gagacgtagt ggtcgtcgcc accgacgccc tcatgacagg 4680 
gtatactggg gactttgact ccgtgatcga ctgcaacgta gcggtcactc aagttgtaga 4740 
cttcagttta gaccccacat tcaccataac cacacagatt gtccctcaag acgctgtctc 4 8 00 
acgtagccag cgccggggtc gcacgggtag gggaagactg ggcatttata ggtatgtttc 4860 
^^^tggtgag cgagcctcag gaatgtttga cagtgtagtg ctctgtgagt gctacgacgc 4920 
aggggccgca tggtatgagc tcacaccatc ggagaccacc gtcaggctca gggcgtattt 4980 
caacacgccc ggtttgcctg tgtgccaaga ccatcttgag ttttgggagg cagttttcac 5040 
cggcctcaca cacatagatg cccacttcct ttcccaaaca aagcaatcgg gggaaaattt 5100 
cgcatactta acagcctacc aggctacagt gtgcgctagg gccaaagccc cccccccgtc 5160 
ctgggacgtc atgtggaagt gtttgactcg actcaagccc acactcgtgg gccccacacc 5220 
tctcctgtac cgcttgggct ctgttaccaa cgaggtcacc ctcacacatc ccgtgacgaa 5280 
atacatcgcc acctgcatgc aagccgacct tgaggtcatg accagcacat gggtcttggc 5340 
agggggagtc ttggcggccg tcgccgcgta ttgcctggcg accgggtgtg tttgcatcat 5400 
cggccgcttg cacattaacc agcgagccgt cgttgcgccg gacaaggagg tcctctatga 5460 
ggcttttgat gagatggagg aatgtgcctc tagggcggct ctcattgaag aggggcagcg 5520 
gatagccgag atgctgaagt ccaagatcca aggcttattg cagcaagctt ccaaacaagc 5580 
tcaagacata caacccactg tgcaggcttc atggcccaag gtagaacaat tctgggccaa 5640 
acacatgtgg aacttcatta gcggcatcca atacctcgca ggactatcaa cactgccagg 5700 
gaaccctgca gtagcttcca tgatggcgtt cagtgccgcc ctcaccagtc cgctgt;caac 5760 
aagcaccact atccttctca acattttggg gggctggcta gcatcccaaa ttgcaccacc 5820 
cgcgggggcc actggcttcg ttgtcagtgg cctagtggga gctgccgtag gcagtatagg 5880 
cttaggtaag gtgctagtgg acatcctggc agggtatggt gcgggcattt cgggggctct 5940 
cgtcgcattc aagatcatgt ctggcgagaa gccctccatg gaggatgtcg tcaacttgct 6000 
gcctggaatt ctgtctccgg gtgccttggt agtgggagtc atctgcgcgg ccattctgcg 6060 
ccgacacgtg ggaccggggg aaggcgccgt ccaatggatg aatagactca ttgcctttgc 6120 
ttccagagga aatcacgtcg cccccaccca ctacgtgacg gagtcggatg cgtcgcagcg 6180 
tgtgacccaa ctacttggct cccttaccat aaccagcctg ctcagaagac tccacaactg 6240 
gattactgag gactgcccca tcccatgcgg cggctcgtgg ctccgcgatg tgtgggactg 6300 
ggtttgcacc atcctaacag actttaaaaa ttggctgacc tccaaattat tcccaaagat 6360 
gcccggcctc ccctttgtct cctgtcaaaa ggggtacaag ggcgtgtggg ccggcactgg 642 0 
catcatgacc acacggtgtc cttgcggcgc caatatctct ggcaatgtcc gcttgggctc 6480 
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catgagaatc acggggccta agacctgcat gaatatctgg caggggacct ttcctatcaa 6540 
ttgttacacg gagggccagt gcgtgccgaa acccgcgcca aactttaagg tcgccatctg 6600 
gagggtggcg gcctcagagt acgcggaggt gacgcagcac gggtcatacc actacataac 6660 
aggactcacc actgataact tgaaagtccc ctgccaacta ccctctcccg agttcttttc 6720 
ctgggtggac ggagtgcaga tccataggtt tgcccccaca ccgaagccgt ttttccggga 6780 
tgaggtctcg ttctgcgttg ggcttaattc atttgtcgtc gggtcccagc ttccttgcga 6840 
ccctgaaccc gacacagacg tattgatgtc catgctaaca gatccatctc atatcacggc 6900 
ggagactgca gcgcggcgtt tagcgcgggg gtcaccccca tccgaggcaa gctcctcggc 6960 
gagccagcta tcggcaccat cgctgcgagc cacctgcacc acccacggca aagcctatga 7020 
tgtggacatg gtggatgcta acctgttcat ggggggcgat gtgactcgga tagagtctgg 7080 
gtccaaagtg gtcgttctgg actctctcga cccaatggtc gaagaaagga gcgaccttga 7140 
gccttcgata ccatcagaat acatgctccc caagaagagg ttcccaccag ctttaccggc 7200 
ctgggcacgg cctgattaca acccaccgct tgtggaatcg tggaaaaggc cagattacca 7260 
accggccact gttgcgggct gtgctctccc tcctcctagg aaaaccccga cgcctccccc 7320 
aaggaggcgc cggacagtgg gcctaagtga ggactccata ggagatgccc ttcaacagct 7380 
ggccattaag tcctttggcc agcccccccc aagcggcgat tcaggccttt ccacgggggc 7440 
gggcgctgcc gattccggca gtcagacgcc tcctgatgag ttggcccttt cggagacagg 7500 
ttccatctct tccatgcccc ccctcgaggg ggagcttgga gatccagacc tggagcctga 7560 
gcaggtagag ccccaacccc ccccccaggg gggggtggca gctcccggct cggactcggg 762 0 
gtcctggtct acttgctccg aggaggacga ctccgtcgtg tgctgctcca tgtcatactc 7680 
ctggaccggg gctctaataa ctccttgtag tcccgaagag gagaagttac cgattaaccc 7740 
cttgagcaac tccctgttgc gatatcacaa caaggtgtac tgtaccacaa caaagagcgc 7800 
ctcactaagg gctaaaaagg taacttttga taggatgcaa gtgctcgact cctactacga 7860 
ctcagtctta aaggacatta agctagcggc ctccaaggtc accgcaaggc tcctcaccat 7920 
ggaggaggct tgccagttaa ccccacccca ttctgcaaga tctaaatatg ggtttggggc 7980 
taaggaggtc cgcagcttgt ccgggagggc cgttaaccac atcaagtccg tgtggaagga 804 0 
cctcctggag gactcagaaa caccaattcc cacaaccatt atggccaaaa atgaggtgtt 8100 
ctgcgtggac cccaccaagg ggggcaagaa agcagctcgc cttatcgttt accctgacct 8160 
cggcgtcagg gtctgcgaga agatggccct ttatgacatt acacaaaaac ttcctcaggc 8220 
ggtgatgggg gcttcttatg gattccagta ttcccccgct cagcgggtag agtttctctt 8280 
gaaagcatgg gcggaaaaga aggaccctat gggtttttcg tatgataccc gatgctttga 834 0 
ctcaaccgtc actgagagag acatcaggac tgaggagtcc atatatcggg cctgctcctt 84 00 
gcccgaggag gcccacactg ccatacactc gctaactgag agactttacg tgggagggcc 8460 
tatgttcaac agcaagggcc aaacctgcgg gtacaggcgt tgccgcgcca gcggggtgct 852 0 
caccactagc atggggaaca ccatcacatg ctacgtgaaa gccttagcgg cttgtaaagc 8580 
tgcagggata atcgcgccca caatgctggt atgcggcgat gacttggttg tcatctcaga 8640 
aagccagggg accgaggagg acgagcggaa cctgagagcc ttcacggagg ctatgaccag 8700 
gtattctgcc cctcctggtg acccccccag accggagtat gatctggagc tgataacatc 8760 
ttgctcctca aatgtgtctg tggcgctggg cccacaaggc cgccgcagat actacctgac 8820 
cagagaccct accactccaa tcgcccgggc tgcctgggaa acagttagac actcccctgt 8880 
caattcatgg ctgggaaaca tcatccagta cgccccgacc atatgggctc gcatggtcct 8940 
gatgacacac ttcttctcca ttctcatggc tcaagacacg ctggaccaga acctcaactt 9000 
tgagatgtac ggagcggtgt actccgtgag tcccttggac ctcccagcta taattgaaag 9060 
gttacatggg cttgacgctt tttctctgca cacatacact ccccacgaac tgacacgggt 9120 
ggcttcagcc ctcagaaaac ttggggcgcc acccctcaga gcgtggaaga gccgggcacg 9180 
tgcagtcagg gcgtccctca tctcccgtgg ggggagagcg gccgtttgcg gtcgatatct 9240 
cttcaattgg gcggtgaaga ccaagctcaa actcactcca ttgccggaag cgcgcctcct 9300 
ggatttatcc agctggttca ccgtcggcgc cggcgggggc gacatttatc acagcgtgtc 9360 
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gcgtgcccga ccccgcttat tgctctttgg 
tttcctactc cccgctcggt agagcggcac 
cttttttttt tttttttttt tttttttttt 
tttttttttt tttttttttt tttttctttt 
tactttcttt cctggtggct ccatcttagc 
gagccgcatg actgcagaga gtgccgtaac 



cctactccta ctttttgtag gggtaggcct 9420 
acattagcta cactccatag ctaactgtcc 9480 
tttttttttt tttttttttt tttttttttt 9540 
tttctctttt ccttctttct taccttattt 9600 
cctagtcacg gctagctgtg aaaggtccgt 9660 
tggtctctct gcagatcatg t 9711 



<210> 5 
<211> 3033 
<212> PRT 

<213> Hepatitis C virus 
<400> 5 

Met Ser Thr Asn Pro Lys Pro Gin Arg Lys Thr Lys Arg Asn Thr Asn 
15 10 15 

Arg Arg Pro Gin Asp Val Lys Phe Pro Gly Gly Gly Gin He Val Gly 
20 25 30 

Gly Val Tyr Leu Leu Pro Arg Arg Gly Pro Arg Leu Gly Val Arg Ala 
35 40 45 

Thr Arg Lys Thr Ser Glu Arg Ser Gin Pro Tlrg Gly Arg Arg Gin Pro 
50 55 60 

He Pro Lys Asp Arg Arg Ser Thr Gly Lys Ser Trp Gly Lys Pro Gly 
65 70 75 80 

Tyr Pro Trp Pro Leu Tyr Gly Asn Glu Gly Leu Gly Trp Ala Gly Trp 
85 90 95 

Leu Leu Ser Pro Arg Gly Ser Arg Pro Ser Trp Gly Pro Asn Asp Pro 
100 105 110 

Arg His Arg Ser Arg Asn Val Gly Lys Val He Asp Thr Leu Thr Cys 
115 120 125 

Gly Phe Ala Asp Leu Met Gly Tyr He Pro Val Val Gly Ala Pro Leu 
130 135 140 

Gly Gly Val Ala Arg Ala Leu Ala His Gly Val Arg Val Leu Glu Asp 
145 150 155 160 

Gly Val Asn Phe Ala Thr Gly Asn Leu Pro Gly Cys Ser Phe Ser He 
165 170 175 

Phe Leu Leu Ala Leu Leu Ser Cys He Thr Thr Pro Val Ser Ala Ala 
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180 185 190 

Glu Val Lys Asn lie Ser Thr Gly Tyr Met Val Thr Asn Asp Cys Thr 
195 200 205 

Asn Asp Ser lie Thr Trp Gin Leu Gin Ala Ala Val Leu His Val Pro 
210 215 220 

Gly Cys Val Pro Cys Glu Lys Val Gly Asn Ala Ser Gin Cys Trp lie 
225 230 235 240 

Pro Val Ser Pro Asn Val Ala Val Gin Arg Pro Gly Ala Leu Thr Gin 
245 250 255 

Gly Leu Arg Thr His lie Asp Met Val Val Met Ser Aid Thr Leu Cys 
260 265 270 

Ser Ala Leu Tyr Val Gly Asp Leu Cys Gly Gly Val Met Leu Ala Ala 
275 280 285 

Gin Met Phe lie Val Ser Pro Gin His His Trp Phe Val Gin Asp Cys 
290 295 300 

Asn Cys Ser lie Tyr Pro Gly Thr lie Thr Gly His Arg Met Ala Trp 
305 310 315 320 

Asp Met Met Met Asn Trp Ser Pro Thr Ala Thr Met lie Leu Ala Tyr 
325 330 335 

Ala Met Arg Val Pro Glu Val He He Asp He He Ser Gly Ala His 
340 345 350 

Trp Gly Val Met Phe Gly Leu Ala Tyr Phe Ser Met Gin Gly Ala Trp 
355 360 365 

Ala Lys Val Val Val He Leu Leu Leu Ala Ala Gly Val Asp Ala Arg 
370 375 380 

Thr His Thr Val Gly Gly Ser Ala Ala Gin Thr Thr Gly Arg Leu Thr 
385 390 395 400 

Ser Leu Phe Asp Met Gly Pro Arg Gin Lys He Gin Leu Val Asn Thr 
405 410 415 

Asn Gly Ser Trp His He Asn Arg Thr Ala Leu Asn Cys Asn Asp Ser 
420 ' 425 430 

Leu His Thr Gly Phe He Ala Ser Leu Phe Tyr Thr His Ser Phe Asn 
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435 



440 445 



Ser Ser Gly Cys Pro Glu Arg Met Ser Ala Cys Arg Ser lie Glu Ala 
450 455 460 

Phe Arg Val Gly Trp Gly Ala Leu Gin Tyr Glu Asp Asn Val Thr Asn 
465 470 475 480 

Pro Glu Asp Met Arg Pro Tyr Cys Trp His Tyr Pro Pro Arg Gin Cys 
485 490 495 

Gly Val Val Ser Ala Lys Thr Val Cys Gly Pro Val Tyr Cys Phe Thr 
500 505 510 

Pro Ser Pro Val Val Val Gly Thr Thr Asp Arg Leu Gly Ala Pro Thr 
515 520 525 

Tyr Thr Trp Gly Glu Asn Glu Thr Asp Val Phe Leu Leu Asn Ser Thr 
530 535 540 

Arg Pro Pro Leu Gly Ser Trp Phe Gly Cys Thr Trp Met Asn Ser Ser 
545 550 555 560 

Gly Tyr Thr Lys Thr Cys Gly Ala Pro Pro Cys Arg Thr Arg Ala Asp 
565 570 575 

Phe Asn Ala Ser Thr Asp Leu Leu Cys Pro Thr Asp Cys Phe Arg Lys 
580 585 590 

His Pro Asp Thr Thr Tyr Leu Lys Cys Gly Ser Gly Pro Trp Leu Thr 
595 600 605 

Pro Arg Cys Leu He Asp Tyr Pro Tyr Arg Leu Trp His Tyr Pro Cys 
610 615 620 

Thr Val Asn Tyr Thr He Phe Lys He Arg Met Tyr Val Gly Gly Val 
625 630 635 640 

Glu His Arg Leu Thr Ala Ala Cys Asn Phe Thr Arg Gly Asp Arg Cys 
645 650 655 

Asn Leu Glu Asp Arg Asp Arg Ser Gin Leu Ser Pro Leu Leu His Ser 
660 665 670 

Thr Thr Glu Trp Ala He Leu Pro Cys Ser Tyr Ser Asp Leu Pro Ala 
675 680 685 

Leu Ser Thr Gly Leu Leu His Leu His Gin Asn He Val Asp Val Gin 
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690 695 700 

Phe Met Tyr Gly Leu Ser Pro Ala Leu Thr Lys Tyr lie Val Arg Trp 
705 710 715 720 

Glu Trp Val lie Leu Leu Phe Leu Leu Leu Ala Asp Ala Arg Val Cys 
725 730 735 

Ala Cys Leu Trp Met Leu lie Leu Leu Gly Gin Ala Glu Ala Ala Leu 
740 745 750 

Glu Lys Leu Val lie Leu His Ala Ala Ser Ala Ala Ser Cys Asn Gly 
755 760 765 

Phe Leu Tyr Phe Val lie Phe Phe Val Ala Ala Trp Tyr lie Lys Gly 
770 775 780 

Arg Val Val Pro Leu Ala Thr Tyr Ser Leu Thr Gly Leu Trp Ser Phe 
785 790 795 800 

Ser Leu Leu Leu Leu Ala Leu Pro Gin Gin Ala Tyr Ala Tyr Asp Ala 
805 810 815 

Ser Val His Gly Gin lie Gly Ala Ala Leu Leu Val Met He Thr Leu 
820 825 830 

Phe Thr Leu Thr Pro Gly Tyr Lys Thr Leu Leu Ser Arg Phe Leu Trp 
835 840 845 

Trp Leu Cys Tyr Leu Leu Thr Leu Gly Glu Ala Met Val Gin Glu Trp 
850 655 860 

Ala Pro Pro Met Gin Val Arg Gly Gly Arg Asp Gly He He Trp Ala 
865 8170 : 875 880 

Val Ala He Phe Tyr Pro Gly Val Val Phe Asp He Thr Lys Trp Leu 
885 890 895 

Leu Ala Val Leu Gly Pro Ala Tyr Leu Leu Lys Gly Ala Leu Thr Arg 
900 905 910 

Val Pro Tyr Phe Val Arg Ala His Ala Leu Leu Arg Met Cys Thr Met 
915 920 925 

Ala Arg His Leu Ala Gly Gly Arg Tyr Val Gin Met Ala Leu Leu Ala 
930 935 940 

Leu Gly Arg Trp Thr Gly Thr Tyr He Tyr Asp His Leu Thr Pro Met 
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945 950 955 960 

Ser Asp Trp Ala Ala Ser Gly Leu Arg Asp beu Ala Val Ala Val Qlu 
965 970 975 

Pro He He Phe Ser Pro Met Glu Lys Lys Val He Val Trp Gly Ala 
980 985 990 

Glu Thr Ala Ala Cys Gly Asp lie Leu His Gly Leu Pro Val Ser Ala 
995 1000 1005 

Arg Leu Gly Arg Glu Val Leu Leu Gly Pro Ala Asp Gly Tyr Thr Ser 
10X0 1015 1020 

Lys Gly Trp Ser Leu Leu Ala Pro He Thr Ala Tyr Ala Gin Gin Thr 
1025 1030 1035 1040 

Arg Gly Leu Leu Gly Thr He Val Val Ser Met Thr Gly Arg Asp Lys 
1045 1050 1055 

Thr Glu Gin Ala Gly Glu He Gin Val Leu Ser Thr Val Thr Gin Ser 
1060 1065 1070 

Phe Leu Gly Thr Ser He Ser Gly Val Leu Trp Thr Val Tyr His Gly • 
1075 1080 1085 

Ala Gly Asn Lys Thr Leu Ala Gly Ser Arg Gly Pro Val Thr Gin Met 
1090 1095 1100 

Tyr Ser Ser Ala Glu Gly Asp Leu Val Gly Trp Pro Ser Pro Pro Gly 
1105 1110 111^ "20 

Thr Lys ser Leu Glu Pro Cys Thr Cys Gly Ala Val Asp Leu Tyr Leu 
1125 1130 1135 

val Thr Arg Asn Ala Asp Val He Pro Ala Arg Arg Arg Gly Asp Lys 
1140 1145 1150 

Arg Gly Ala Leu Leu Ser Pro Arg Pro Leu Ser Thr Leu Lys Qly Ser 
1155 1160 1165 

ser Gly Gly Pro Val Leu Cys Pro Arg Gly His Ala Val Gly Val Phe 
1170 1175 1180 

Arg Ala Ala Val Cys Ser Arg Gly Val Ala Lys Ser He Asp Phe He 
1185 1190 1195 1200 

Pro Val Glu Thr Leu Asp He Val Thr Arg Ser Pro Thr Phe Ser Asp 
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1205 1210 1215 

Asn Ser Thr Pro Pro Ala Val Pro Gin Thr Tyr Gin Val Gly Tyr Leu 
1220 1225 1230 

His Ala Pro Thr Gly Ser Gly Lys Ser Thr Lys Val Pro Val Ala Tyr 
1235 1240 1245 

Ala Ala Gin Gly Tyr Lys Val Leu Val Leu Asn Pro Ser Val Ala Ala 
1250 1255 1260 

Thr Leu Gly Phe Gly Ala Tyr Leu Ser Lys Ala His Gly lie Asn Pro 
1265 1270 1275 1280 

Asn lie Arg Thr Gly Val Arg Thr Val Thr Thr Gly Ala Pro lie Thr 
1285 1290 1295 

Tyr Ser Thr Tyr Gly Lys Phe Leu Ala Asp Gly Gly Cys Ala Gly Gly 
1300 1305 1310 

Ala Tyr Asp lie lie lie Cys Asp Glu Cys His Ala Val Asp Ser Thr 
1315 1320 1325 

Thr He Leu Gly He Gly Thr Val Leu Asp Gin Ala Glu Thr Ala Gly 
1330 1335 1340 

Val Arg Leu Thr Val Leu Ala Thr Ala Thr Pro Pro Gly Ser Val Thr 
1345 1350 1355 1360 

Thr Pro His Pro Asn He Glu Glu Val Ala Leu Gly Gin Glu Gly Glu 
1365 1370 1375 

lie Pro Phe Tyr Gly Arg Ala He Pro Leu Ser Tyr He Lys Gly Gly 
1380 1385 1390 

Arg His Leu He Phe Cys His Ser Lys Lys Lys Cys Asp Glu Leu Ala 
1395 1400 1405 

Ala Ala Leu Arg Gly Met Gly Leu Asn Ser Val Ala Tyr Tyr Arg Gly 
1410 1415 1420 

Leu Asp Val Ser Val He Pro Thr Gin Gly Asp Val Val Val Val Ala 
1425 1430 1435 1440 

Thr Asp Ala Leu Met Thr Gly Tyr Thr Gly Asp Phe Asp Ser Val He 
1445 1450 1455 

Asp Cys Asn Val Ala Val Thr Gin Val Val Asp Phe Ser Leu Asp Pro 
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1460 1465 1470 

Thr Phe Thr lie Thr Thr Gin He Val Pro Gin Asp Ala Val Ser Arg 
1475 1480 1485 

Ser Gin Arg Arg Gly Arg Thr Gly Arg Gly Arg Leu Gly He Tyr Arg 
1490 1495 1500 

Tyr Val Ser Thr Gly Glu Arg Ala Ser Gly Met Phe Asp Ser Val Val 
1505 1510 1515 1520 

Leu Cys Glu Cys Tyr Asp Ala Gly Ala Ala Trp Tyr Glu Leu Thr Pro 
1525 1530 1535 

Ser Glu Thr Thr Val Arg Leu Arg Ala Tyr Phe Asn Thr Pro Gly Leu 
1540 1545 1550 

Pro Val Cys Gin Asp His Leu Glu Phe Trp Glu Ala Val Phe Thr Gly 
1555 1560 1565 

Leu Thr His He Asp Ala His Phe Leu Ser Gin Thr Lys Gin Ser Gly 
1570 1575 1580 

Glu Asn Phe Ala Tyr Leu Thr Ala Tyr Gin Ala Thr Val Cys Ala Arg 
1585 1590 1595 1600 

TQa Lys Ala Pro Pro Pro Ser Trp Asp Val Met Trp Lys Cys Leu Thr 
1605 1610 1615 

Arg Leu Lys Pro Thr Leu Val Gly Pro Thr Pro Leu Leu Tyr T^g Leu 
1620 1625 1630 

Gly Ser Val Thr Asn Glu Val Thr Leu Thr His Pro Val Thr Lys Tyr 
1635 1640 1645 

He Ala Thr Cys Met Gin Ala Asp Leu Glu Val Met Thr Ser Thr Trp 
1650 1655 1660 

Val Leu Ala Gly Gly Val Leu Ala Ala Val Ala Ala Tyr Cys Leu Ala 
1665 1670 1675 1680 

Thr Gly Cys Val Cys He He Gly Arg Leu His He Asn Gin Arg Ala 
1685 1690 1695 

Val Val Ala Pro Asp Lys Glu Val Leu Tyr Glu Ala Phe Asp Glu Met 
1700 1705 1710 

Glu Glu Cys Ala Ser Arg Ala Ala Leu He Glu Glu Gly Gin Arg He 
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1715 1720 1725 

Ala Glu Met Leu Lys Ser Lys lie Gin Gly Leu Leu Gin Gin Ala Ser 
1730 1735 1740 

Lys Gin Ala Gin Asp lie Gin Pro Thr Val Gin Ala Ser Trp Pro Lys 
1745 1750 1755 1760 

Val Glu Gin Phe Trp Ala Lys His Met Trp Asn Phe lie Ser Gly lie 
1765 1770 1775 

Gin Tyr Leu Ala Gly Leu Ser Thr Leu Pro Gly Asn Pro Ala Val Ala 
1780 1785 1790 

Ser Met Met Ala Phe Ser Ala Ala Leu Thr Ser Pro Leu Ser Thr Ser 
1795 1800 1805 

Thr Thr lie Leu Leu Asn lie Leu Gly Gly Trp Leu Ala Ser Gin lie 
1810 1815 1820 

Ala Pro Pro Ala Gly Ala Thr Gly Phe Val Val Ser Gly Leu Val Gly 
1825 1830 1835 1840 

Ala Ala Val Gly Ser lie Gly Leu Gly Lys Val Leu Val Asp He Leu 
1845 1850 1855 

Ala Gly Tyr Gly Ala Gly He Ser Gly Ala Leu Val Ala Phe Lys He 
I860 1865 1870 

Met Ser Gly Glu Lys Pro Ser Met Glu Asp Val Val Asn Leu Leu Pro 
1875 1880 1885 

Gly He Leu Ser Pro Gly Ala Leu Val Val Gly Val He Cys Ala Ala 
1890 1895 1900 

He Leu Arg Arg His Val Gly Pro Gly Glu Gly Ala Val Gin Trp Met 
1905 1910 1915 1920 

Asn Arg Leu He Ala Phe Ala Ser Arg Gly Asn His Val Ala Pro Thr 
1925 1930 1935 

His Tyr Val Thr Glu Ser Asp Ala Ser Gin Arg Val Thr Gin Leu Leu 
1940 1945 1950 

Gly Ser Leu Thr He Thr Ser Leu Leu Arg Arg Leu His Asn Trp He 
1955 1960 1965 

Thr Glu Asp Cys Pro He Pro Cys Gly Gly Ser Trp Leu Arg Asp Val 
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1970 1975 1980 

Trp Asp Trp Val Cys Thr lie Leu Thr Asp Phe Lys Asn Trp Leu Thr 
1985 1990 1995 2000 

Ser Lys Leu Phe Pro Lys Met Pro Gly Leu Pro Phe Val Ser Cys Gin 
2005 2010 2015 

Lys Gly Tyr Lys Gly Val Trp Ala Gly Thr Gly He Met Thr Thr Arg 
2020 2025 2030 

cys Pro Cys Gly Ala Asn He Ser Gly Asn Val Arg Leu Gly Ser Met 
2035 2040 2045 

Arg He Thr Gly Pro Lys Thr Cys Met Asn He Trp Gin Gly Thr Phe 
2050 2055 2060 

Pro He Asn Cys Tyr Thr Glu Gly Gin Cys Val Pro Lys Pro Ala Pro 
2065 2070 2075 2080 

Asn Phe Lys Val Ala He Trp Arg Val Ala Ala Ser Glu Tyr Ala Glu 
2085 2090 2095 

val Thr Gin His Gly Ser Tyr His Tyr He Thr Gly Leu Thr Thr Asp 
2100 2105 2110 

Asn Leu Lys Val Pro Cys Gin Leu Pro Ser Pro Glu Phe Phe Ser Trp 
2115 2120 2125 

Val Asp Gly Val Gin He His Arg Phe Ala Pro Thr Pro Lys Pro Phe 
2130 2135 2140 

Phe Arg Asp Glu Val Ser Phe Cys Val Gly Leu Asn Ser Phe Val Val 
2145 2150 2155 2160 

Gly Ser Gin Leu Pro Cys Asp Pro Glu Pro Asp Thr Asp Val Leu Met 
2165 2170 2175 

Ser Met Leu Thr Asp Pro Ser His He Thr Ala Glu Thr Ala Ala Arg 
2180 2185 2190 

Arg Leu Ala Arg Gly Ser Pro Pro Ser Glu Ala Ser Ser Ser Ala Ser 
2195 2200 2205 

Gin Leu Ser Ala Pro Ser Leu Arg Ala Thr Cys Thr Thr His Gly Lys 
2210 2215 2220 

Ala Tyr Asp Val Asp Met Val Asp Ala Asn Leu Phe Met Gly Gly Asp 
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2225 2230 2235 2240 

Val Thr Arg lie Glu Ser Gly Ser Lys Val Val Val Leu Asp Ser Leu 
2245 2250 2255 

Asp Pro Met Val Glu Glu Arg Ser Asp Leu Glu Pro Ser lie Pro Ser 
2260 2265 2270 

Glu Tyr Met Leu Pro Lys Lys Arg Phe Pro Pro Ala Leu Pro Ala .Trp 
2275 2280 2285 

Ala Arg Pro Asp Tyr Asn Pro Pro Leu Val Glu Ser Trp Lys Arg Pro 
2290 2295 2300 

Asp Tyr Gin Pro Ala Thr Val Ala Gly Cys Ala Leu Pro Pro Pro Arg 
2305 2310 2315 2320 

Lys Thr Pro Thr Pro Pro Pro Arg Arg Arg Arg Thr Val Gly Leu Ser 
2325 2330 2335 

Glu Asp Ser lie Gly Asp Ala Leu Gin Gin Leu Ala lie Lys Ser Phe 
2340 2345 2350 

Gly Gin Pro Pro Pro Ser Gly Asp Ser Gly Leu Ser Thr Gly Ala Gly 
2355 2360 2365 

Ala Ala Asp Ser Gly Ser Gin Thr Pro Pro Asp Glu Leu Ala Leu Ser 
2370 2375 2380 

Glu Thr Gly Ser lie Ser Ser Met Pro Pro Leu Glu Gly Glu Leu Gly 
2385 2390 2395 2400 

Asp Pro Asp Leu Glu Pro Glu Gin Val Glu Pro Gin Pro Pro Pro Gin 
2405 2410 2415 

Gly Gly Val Ala Ala Pro Gly Ser Asp Ser Gly Ser Trp Ser Thr Cys 
2420 2425 2430 

Ser Glu Glu Asp Asp Ser Val Val Cys Cys Ser Met Ser Tyr Ser Trp 
2435 2440 2445 

Thr Gly Ala Leu lie Thr Pro Cys Ser Pro Glu Glu Glu Lys Leu Pro 
2450 2455 2460 

lie Asn Pro Leu Ser Asn Ser Leu Leu Arg Tyr His Asn Lys Val Tyr 
2465 2470 2475 2480 

Cys Thr Thr Thr Lys Ser Ala Ser Leu Arg Ala Lys Lys Val Thr Phe 
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2485 2490 2495 



Asp Arg Met Gin Val Leu Asp Ser Tyr Tyr Asp Ser Val Leu Lys Asp 
2500 2505 2510 

lie Lys Leu Ala Ala Ser Lys Val Thr Ala Arg Leu Leu Thr Met Glu 
2515 2520 2525 

Glu Ala Cys Gin Leu Thr Pro Pro His Ser Ala Arg Ser Lys Tyr Gly 
2530 2535 2540 

Phe Gly Ala Lys Glu Val Arg Ser Leu Ser Gly Arg Ala Val Asn His 
2545 2550 2555 2560 

He Lys ser Val Trp Lys Asp Leu Leu Glu Asp Ser Glu Thr Pro He 
2565 2570 2575 

Pro Thr Thr He Met Ala Lys Asn Glu Val Phe Cys Val Asp Pro Thr 
2580 2585 2590 

Lys Gly Gly Lys Lys Ala Ala Arg Leu He Val Tyr Pro Asp Leu Gly 
2595 2600 2605 

Val Arg Val Cys Glu Lys Met Ala Leu Tyr Asp He Thr Gin Lys Leu 
2610 2615 2620 

Pro Gin Ala Val Met Gly Ala Ser Tyr Gly Phe Gin Tyr Ser Pro Ala 
2625 2630 2635 2640 

Gin Arg Val Glu Phe Leu Leu Lys Ala Trp Ala Glu Lys Lys Asp Pro 
2645 2650 2655 

Met Gly Phe Ser Tyr Asp Thr Arg Cys Phe Asp Ser Thr Val Thr Glu 
2660 2665 2670 

Arg Asp He Arg Thr Glu Glu Ser He Tyr Arg Ala Cys Ser Leu Pro 
2675 2680 2685 

Glu Glu Ala His Thr Ala He His Ser Leu Thr Glu Arg Leu Tyr Val 
2690 2695 2700 

Gly Gly Pro Met Phe Asn Ser Lys Gly Gin Thr Cys Gly Tyr Arg Arg 
2705 2710 2715 2720 

Cys Arg Ala Ser Gly Val Leu Thr Thr Ser Met Gly Asn Thr He Thr 
2725 2730 2735 

Cys Tyr Val Lys Ala Leu Ala Ala Cys Lys Ala Ala Gly He He Ala 
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2740 2745 2750 

Pro Thr Met Leu Val Cys Gly Asp Asp Leu Val Val lie Ser Glu Ser 
2755 2760 2765 

Gin Gly Thr Glu Glu Asp Glu Arg Asn Leu Arg Ala Phe Thr Glu Ala 
2770 2775 2780 

Met Thr Arg Tyr Ser Ala Pro Pro Gly Asp Pro Pro Arg Pro Glu Tyr 
2785 2790 2795 2800 

Asp Leu Glu Leu lie Thr Ser Cys Ser Ser Asn Val Ser Val Ala Leu 
2805 2810 2815 

Gly Pro Gin Gly Arg Arg Arg Tyr Tyr Leu Thr Arg Asp Pro Thr Thr 
2820 2825 2830 

Pro He Ala Arg Ala Ala Trp Glu Thr Val Arg His Ser Pro Val Asn 
2835 2840 2845 

Ser Trp Leu Gly Asn He He Gin Tyr Ala Pro Thr He Trp Ala Arg 
2850 2855 2860 

Met Val Leu Met Thr His Phe Phe Ser He Leu Met Ala Gin Asp Thr 
2865 2870 2875 2880 

Leu Asp Gin Asn Leu Asn Phe Glu Met Tyr Gly Ala Val Tyr Ser Val 
2885 2890 2895 

Ser Pro Leu Asp Leu Pro Ala He He Glu Arg Leu His Gly Leu Asp 
2900 2905 2910 

Ala Phe Ser Leu His Thr Tyr Thr Pro His Glu Leu Thr Arg Val Ala 
2915 2920 2925 

Ser Ala Leu Arg Lys Leu Gly Ala Pro Pro Leu Arg Ala Trp Lys Ser 
2930 2935 2940 

Arg Ala Arg Ala Val Arg Ala Ser Leu He Ser Arg Gly Gly Arg Ala 
2945 2950 2955 2960 

Ala Val Cys Gly Arg Tyr Leu Phe Asn Trp Ala Val Lys Thr Lys Leu 
2965 2970 2975 

Lys Leu Thr Pro Leu Pro Glu Ala Arg Leu Leu Asp Leu Ser Ser Trp 
29B0 2985 2990 

Phe Thr Val Gly Ala Gly Gly Gly Asp He Tyr His Ser Val Ser Arg 
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2995 3000 3005 
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Ala Arg Pro Arg Leu Leu Leu Phe Gly Leu Leu Leu Leu Phe Val Gly 
3010 3015 3020 

Val Gly Leu Phe Leu Leu Pro Ala Arg 
3025 3030 
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